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PREFACE  TO  THE  ENGLISH  TRANSLATION. 


I UNDERTOOK  the  translation  of  Professor  Glaus'  excellent 
"Lehrbuch  der  Zoologie  "  with  a  view  of  supplying  the 
want,  which  has  long  been  felt  by  teachers  as  well  as  students 
in  this  country,  of  a  good  elementary  text-book  of  Zoology. 
Professor  Glaus'  works  on  zoology  are  already  well  known  in 
this  country  ;  and  I  think  it  will  be  generally  admitted  that 
they  take  the  .first  place  amongst  the  zoological  text-books 
of 'the  present  day. 

It  has  been  decided  to  publish  the  English  translation 
in  two  volumes.  The  second  volume,  which  begins  with 
MoUuSca,  is  in  the  press,  and  will,  I  trust,  appear  early  in 
the  autumn. 

The  German  has  been,  with  one  or  two  unimportant 
exceptions,  closely  followed  throughout.  These  exceptions, 
and  the  few  additions  which  I  have  thought  it  necessary  to 
make,  have  in  all  cases  been  indicated  by  enclosure  within 
brackets. 

I  must  ask  the  indulgence  of  the  reader  towards  the  errors 
and  deficiencies  of  this  translation.  I  trust  that  they  will  be 
found  to  be  neither  numerous  nor  important.  I  have  to  thank 
Mr.  Heathcote  for  the  assistance  he  has  given  me  in  the 
laborious  work  of  translation.  I  am  also  indebted  to  Professors 
Newton  and  Foster,  Dr.  Gadow,  and  Mr.  W.  Heape  for  advice; 
and  assistance. 

ADAM  SEDGWIGK. 

Tbinity  College,  Cambridge, 
1884. 


TABLE 


OF 


CONTENTS 


GENERAL  PART. 


CHAPTEE  I. 

ORGANIZED  AND  UNORGANIZED  SUBSTANCES 

CHAPTER  II. 


ANIMALS  AND  PLANTS  . 


ORGANIZATION  AND 
GENERAL 


CHAPTER  III. 

DEVELOPMENT  OF 


ANIMALS  IN 


Page 

y— 14 


15—24 


•24—131 


Individual,  Obgan,  Stock  

Repetition  of  organs  and  parts  of  the  body  . 
Cells  and  Cell  Tissues  

Nucleus  and  Nucleolus  

Cell-membrane  

Reproduction  of  Cells  and  division  of  Nucleus 

1.  Cells  and  Cell  Aggregates  

Isolated  cells,  e.g.,  blood  corpuscles,  ova,  etc  

Epithelium  

EpideiTQal  exoskeleton  

Glandular  tissue  

2.  Tissues  of  tlie  connective  substance  

Cellular  or  vesicular  

Mucous  or  gelatinous  

Reticular,  adenoid  .       .  _  

Fibrillar  ....  *  

Elastic  

Cartilage  

Osseous  tissue  

3.  Muscular  tissue  

4.  Nervous  tissue       .       .       •       •       •       •       •  ■ 

Inckease  in  Size  and  Peogeessive  Diffeeentiation,  etc 

Unicellular  stage  

Multicellular  stage  

COEEKLATION  AND  CONNECTION  OP  OBGANS 
Doctrine  of  Final  Causes 

'^Type"  

Scope  of  Morphology  .... 

Steuctube  and  Function  of  the  Compound  Oegans 

Digestive  organs  

Salivary  glands,  liver,  pancreas  


24 
25 
29 
29 
29 
30 

32 
32 
34 
34 
36 

37 
37 
87 
38 
38 
39 
39 
40 

43 

45 

47 

48 
49 

50 
51 
52 
52 

62 
53 
58 


TABLE  OF  CONTENTS. 


5 


Organs  of  oirculatmi 
Heart 

Arteries  and  veins 
Heart  and  vessels  of  vertebrates 

Organs' of  7'esjpiration  . 

Brauchi'<B  . 
Lungs,  trachefe. 
Tracheal  gills  . 
Renewal  of  external  medium 
Venous  and  arterial  blood 

Animal  Iwat. 

Organs  of  seoretmi 

"Kidneys  . 
AVater-vascular  vessels  and  segmental  organs 
Vertebrate  kidneys  . 
Cutaneous  glands 

Organs  op  Animal  Life 
Skeletal  strvctureK 
Nervovs  systtem 
Sense  organs. 

■  Tactile  organs  . 
Auditory  organs 
Visual  organs  . 
Facetted  eye 
Simple  eye 
Olfactory  organs 

Intelligence  and  Instinct 
Repeoductivb  Oegans 
Biogenesis 

Asexual  reproduction 
Sexual  reproduction  . 
Hermaphroditism 
Separation  of  the  sexes 
Sexual  differences  . 
Sexual  dimorphism  . 
Parthenogenesis 

Development 

Fertilisation  of  the  ovum 
Segmentation  of  the  ovum 
Food -yolk  . 
Blastosphere 
Formation  of  gastrula 
Primitive  streak 
Germinal  layers 
Theory  of  Gastrsea  . 

Direct  Development  and  Metamorphosis 
Effect  of  food-yolk  on  development. 
Explanation,  of  Metamorphosis 

Alternation  of  Generations,  Polymorphism 
Metagenesis 

Explanation  of  Metagenesis 
Polymorphism  . 
Heterogamy 
Pfedogencsis 

Heterogamy  of  Trematoda 


AND 


Heterogamy 


123 
123 
124 
126 
127 
128 
129 


6 


TABLE  OF  CONTENTS. 


CHAPTER  IV. 

Page 

HISTORICAL  REVIEW  131-189 

Arislotle   133 

Pliny   1S2 

Renaissance  of  Sciences  in  Sixteenth  century   133 

Ray   lU 

Linnseus   134 

I'uvier   135 

St.  Hilaire,  Goethe,  Oken   137 

Classification  of  the  present  day   138 

CHAPTER  V. 

MEANING  OF  THE  SYSTEM  139—179 

Species  140 

Varieties  141 

Sterility  of  hybrids  142 

Fertility  of  hybrids  143 

Sterility  and  fertility  of  mongrels  143 

Lam  ark  144 

Ly ell's  influence  on  Geology  144 

Theory  of  Descent  based  on  Natural  Selection  (Darwinism)  .  144 

Darwin  14.5 

Natural  selection     .       .  145 

Origin  of  vaiieties,  races  and  species  148 

Progressing  divergence  of  characters,  and  disappearance  of  inter- 
mediate forms  149 

Species  according  to  the  theory  of  evolution  1 50 

Natural  system  150 

Evidence  in  favour  of  the  Theory  of  Descent      .      .  .151 

Evide7icc  from  Morphology  151 

f rani  Bimoiy^i  I  sin  and  Polymorphism  152 

Sexual  selection  152 

Sexual  dimorphism  of  parasites  153 

Polymorphism  of  animal  communities  .155 

from  mimicry  L55 

from  rudimcnta/ry  organs  lofi 

from  EmiryoloQy  157 

Retrogi'essive  metamorphosis'  158 

frcm.  the  facts  of  Geographical  Distribution  159 

Zoological  Provinces  1^0 

from  PalcBontology  1 63 

Incompleteness  of  the  geological  record  .       .       .     '.       .167 — 168 

Transitional  forms  between  allied  species  170 

Relation  of  fossil  forms  to  living  species  1 70 

Succession  of  similar  types  1  "1 

Extinct  Mammalia,  transitional  between  living  groups  .  .  .172 
Extinct  transitional  Reptiles  and  Birds  1'5 

Progressive  pcifection  

Fauna  of  the  various  geological  periods  

Incompleteness  of  the  explanation  


TABLE  OP  CONTENTS. 


7 


SPECIAL  PART. 


CHAPTER  VI. 


PEOTOZOA 
Rhizopoda  . 

Foraminifera 

Lobosa  . 
Retimilaria 

Heliozoa  . 
Radiolaria 

iNFaSOEIA 

Flagellata  « 
Ciliata 

Holotricha 
Hetei'otricha 
Hypotricha 
Peritricha 
Suctoria  . 

Schizomycetidae 
Gregarinidfe 


CHAPTER  VII. 

CGELENTERATA 
SpoD  giaria  =  Porifera 

Spongia  . 

Myxospongia 
Ceraospongria 
Halichondrise 
Hyalrspongia 
Calcispongia 


Page 
180 

181 

184 

1S6 
1S6 

187 

189 

191 

193 
198 

204 
205  / 
205 
205 

265 

205 
207 


209 


221 

221 
221 
221 
221 
222 


Cnidaria 

Anthozoa  =  Actinozoa       .  223 

Rngosa  .  .  .  .230 
Alcyonaria  .  .  .  281 
Hexactiiiia  =  Zoantharia  .  231 

Poltpomedus;b  =  Hydrozoa  233 


Hydromednsre  . 

Eleutheroblastese 
Hydj-ocorallise  . 
TiibiilarifB 
Campainil  arise  . 
Ti'achymedusfe 

Siphon  o])hora  . 

Physophoridfe  . 
Physalicte 
CalycophoridiB 
Discoideae 

Scyphomedns!B=  Acalepha 

Calycozoa 
Mamipialida  . 
Discophora  (Acvaspeda) 

CTENOPHORA  . 


236 

240 
240 
241 
241 
242 

243 

248 
249 
249 
250 

251 

257 
258 
259 

261 


CHAPTER  VIII. 


ECHINODERMATA 

Crinoidea 

Tesselata  . 
Articulata 

ASTEROIDEA  . 
Stelleridea 
Ophiuridea 

ECHINOIDEA  .  ■ 
Cidaridea 
Cypeastridea 
Spatangidea 

HOLOTHUROIDEA 
Pedata 
Apoda 

Enteropneusta 


CHAPTER  IX. 

VERMES  . 

Platthelminthes 

Turbellaria 

Rhabdoccela 
Deiidrocoela 

Trematoda 

Distomea 
Polystomea 

Cestoda  . 

Nemertini 

Bnopla  . 
Aiiopla  . 

Nemathelminthes 

Nematoda 
Cheetognatha 
Acanthocephala 

Annelida 
Cliatopoda  . 
Polychfeta 

En-antia  . 
Sedentaria 

Oligochpeta 

Terricolae 
Liraicolfe 

Gepliyvca 

Chietifera 
AchfBta 

Hirvdinea  . 
Rotatoria  . 


8 


ERRATA. 


CHAPTER  X. 

Page 


ARTHROrODA.  .  .  .  405 

Crustacea    .  .  .  .411 

Ento-mostraca  .  .  .416 

Phyllopoda  .  .  .  410 

Bmiichiopoda  .  .  .  418 

eiadoceva  .  .  .  419' 

Ostracoda  ,  ,  .  42H 
Copepoda  ....  428 

Kubo])epodji  .  .  .  435 

Bnmchiura  .  .  .  436 

Cirripedia  .  .  .  438 

Pecliuiculata  .  .  .  445 

Operculata  .  .  .  446 

Abdoiuiualia  .  .  .  446 
Apoda    ....  446 

Rliizocephala  .  .  .  446 

Malacostraca  .  .  .  447 

Arthrostraca  .  .  .  449 

Amphipoda  .  .  .451 
Isopoda  ....  456 

Thoracostraca  .  .  .  460 

'  Cuniacea  .  .  .  469 

Stomatopoda  .  .  .  470 

Schizopoda  .  .  .  472 

Decapoda  .  .  .  475 

Macmra  .  .  .  477 

Brachyura  .  .  .478 

Oigantostraca  .  .  .479 

Merostomata  .  .  .479 

Xiphosura  .  .  .  480 

Trilobita  .  .  .  .483 

Aeachnida    ....  484 

Linguatulida  .  .  .  487 
Acarina    ....  489 

Pygnogonida  .  .  .  495 


Page 


Tardigi'ada  .  4;)6 

Aiaiieida  ....  498 

TretrapiieumoiieH      .        .  004 

Uipueuiiioiieti  .        ,        .  504 

Phalaiigiidas     .       .       .  505 

Pedipalpi  ....  506 

Sc(jrj)ion.idea    .       .       .  508 

Pseudoscorpionidea  .  .  510 
Holifugfe  .             .  .511 

Onychophora  .  .  .512 
Mybiapoda   .      .      ,  .514 

Chilopoda.       .       .       .  518 

Chilognatha     .       .       .  520 

Hexapoda-Insecta      .       .  521 

Thysanura       .       .       .  55.^ 

Oithoptera      .       .       .  534 

Orthoptera  geuuiiia  .        .  556 
Orthoptera  Pseudo-Neurop- 
tera     .        .        .  .558 

Neuroptera      .       .       .  562 

Planipeiinia     .        .        .  563 

Trichoptera     .        .        .  564 

Strepsiptera     .       .       .  565 

Rhynchota       .       .       .  566 

Aptera   ....  567 

Phj-tophthires  .        .        .  568 

Homoijtera-Cicadaria        .  570 

Heruiptera      .        .        .  571 

Diptera    ....  672 

Pupipara        .        .        .  575 

Brachycera      .        .        .  575 

Nemooera        .        .•       .  577 

Aphaniptera    .        .        .  578 

Lepidoptera     .       .       .  579 

Coleoptera       .       .       .  585 

Hymeuoptera  .       .       .  590 

Terebrantia     .        .        .  594 

Aculeata ....  595- 


EKRATA. 


Page  23,  last  line— /'or  "product!-"  read  "products." 
„    35,  line  9  from  bottom— fo?-  "outgrowth"  j-carf  "outgi-owths." 
„    38,    „    4 from  bottom— ^Vw  "possesses"  read  "iwssess." 
„    46,    ,,    4  of  explanation  of  fig.  38— /oj-  "commencing  with"  read 

"  with  commencing." 
„    48,    , ,    6  from  bottom,  for  "  also  bring  "  read  "  also  must  bring." 
,,    58,    ,,  10— ;fo?- "  repulsion  "  rearf  "  expulsion." 
,,    73,    „  14  from  bottom— /or  " actual"  rca(i  " kinetic." 
„    95,    ,,    5 — omif  "  those  foims." 

156,    ,,  12— /or  " spines "  ?c«(Z  "stings." 
„  171,    „  9— /or  "  Caniivora"  iwti  "Mai-supials." 
„  173,    „  10— /or  "  five  toed  "  reai<  "  five-toed." 
„  205,    „  20— /"or  "  Stylongchia"  I'cad  "  Stylonycliia." 
„  205,    „  14  fi-om  bottom— /or  "style  "  imd  "stalk." 
,,  208,    ,,  16— for  "congregatuig"  mid  "conjtigating." 
„  212,    „  14  from  bottom— for  "  burst "  read  "  dischai-ge." 
„  327,    ,,  8— /or  "Tetrarhyncus"  reacZ  "Tetrarhynchus." 
„  352,  Explanation  of  fig.  284— /or  "  Douchmins  dodenalis   rcarf  "  Doch- 

mius  duodenalis,"  and /or  "vultia"  read  "vulva." 
„  543,  line  18— /or  "  arrentokia  "  read  "  anenotokia." 


GENEEAL  PAET. 


CHAPTER  I. 

ORGANISED  AND  UNORGANISED  SUBSTANCES. 

In  the  world,  which  is  perceptible  to  our  senses,  we  distinguish 
between  living  organized  and  lifeless  unorganised  bodies.  The- 
former  {i.e.,  animals  and  plants)  are  endowed  Avith  the  power  of 
movement,  and  they  remain  the  same  in  spite  of  manifold  changes 
both  of  themselves  as  a  whole  and  of  their  parts,  and  in  spite  of 
continual  change  of  the  matter  entering  into  their  composition- 
Unorganised  bodies,  on  the  other  hand,  are  found  in  a  condition 
of  constant  rest ;  and  although  this  rest  is  not  necessarily  fixed  and 
unchangeable,  yet  they  are  without  that  independence  of  movement 
vjhich  manifests  itself  in  metabolism.  In  the  former  we  recognize  an 
organization,  a  composition  of  unlike  parts  (organs),  in  which  the 
matter  exhibits  its  activity  in  a  fluid  and  dissolved  form ;  in  the 
latter  we  meet  with  a  mass  which  is  .more  uniform,  though  as  far 
as  the  position  and  arrangement  of  the  molecules  are  concerned,, 
not  always  homogeneous,  and  in  which  the  various  parts  continue 
in  a  state  of  resting  equihbrium  so  long  as  the  unity  of  the  body 
remains  undisturbed.  The  matter  of  unorganised  bodies  (for  in- 
stance, of  crystals)  is  in  a  state  of  stable  equilibrium,  while  through 
the  organised  being  a  stream  of  matter  takes  place. 

The  properties  and  changes  of  living  bodies  are  strictly  dependent 
on  the  physico-chemical  laws  of  matter,  and  this  is  recognized  more 
clearly  as  science  advances ;  yet  it  must  be  admitted  that  we  are 
entirely  ignorant  of  the  molecular  arrangement  of  the  material  basis 
of  a  living  organism,  and  it  exists  under  conditions  the  nature  of 
which  is  as  yet  unexplained.  These  conditions,  which  we  may 
designate,  as  vital  withou.t  thereby  calling  in  question  their  depen- 
dence on  material  processes,  distinguish  organisms  from  all  un- 
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•organised  bodies.  Tliey  relate  (1)  to  the  mode  of  origin,  (2)  to  the 
mode  of  maintenance,  (3)  to  the  form  and  structure  of  the  organism. 

Living  bodies  cannot  be  manufactured  by  physico-chemical  means 
from  a  definite  chemical  mixture  under  definite  conditions  of  warmth, 
pressui-e,  electricity,  etc. ;  their  existence  rather  presupposes,  accoi-d- 
ing  to  our  experience,  the  existence  of  like  or  at  least  very  similar 
beings  from  which  they  have  originated.  It  appears  that,  in  the 
present  state  of  our  knowledge,  there  is  no  evidence  to  show  that  an 
independent  abiogenetic  generation  (generatio  cequivoca,  spontaneous 
generation)  actually  takes  place,  even  in  the  simplest  and  lowest  forms 
-of  life  ;  although  very  recently  some  investigators  (Pouchet)  have 
been  led  by  results  of  remarkable  but  equivocal  experiments  to  the 
■opposite  view.  The  existence  of  the  generatio  cequivoca  would  offer 
a  very  important  service  to  our  contention  for  the  physico-chemical 
explanation;  it  even  appears  to  he  a  necessary  postulate  in  order  to 
•explain  the  first  appearance  of  organisms. 

The  second  and  most  important  characteristic  of  organisms,  and 
that  on  which  the  very  maintenance  of  life  depends,  is  their  metabolic 
^ower,  i.e.,  the  power  which  they  possess  of  continually  using  up  and 
renewing  the  matter  composing  the  body.  Every  phenomenon  of 
growth  presupposes  the  reception  and  change  of  material  constituents; 
■every  movement,  secretion,  and  manifestation  of  life  depend  on  the 
exchange  of  matter,  on  the  breaking  down  and  building  up  of 
■chemical  compounds.  On  this  alternating  destruction  and  renewal 
of  the  combinations  of  the  body  substance  two  properties  necessary 
to  living  things  depend,  viz.,  the  reception  of  food  and  excretion  of 
loaste  products. 

It  is  the  organic  substances  (so  called  on  account  of  their  occurrence 
in  organisms),  i.e.,  the  ternary  and  quaternary  carbon  compounds  (the 
former  composed  of  carbon,  hydi^ogen,  and  oxygen,  the  latter  of 
these  with  the  addition   of  nitrogen,  and  among  the  latter  are 
included  the  albumins)  which  undergo  the  exchanges  characterising 
metabolism;  they  either  (in  animals)  breakup  under  the  influence 
of  oxidation  into  substances  of  simpler  composition ;  or  (in  plants) 
:are  built  up  by  siibstitution  from  simpler  inorganic  substances. 
But  just'  as  the  general  fundamental  properties  (elasticity,  weight, 
porosity)  of  organisms  agree  so  closely  ^rith  those  of  inorganic  bodies, 
that  it  was  possible  to  construct  a  general  theory  of  the  constitution 
of  matter,  so  all  the  elements  (fundamental  substances  which  differ 
qualitatively,  and  are  chemically  incapable  of  further  simplification) 
of  organic  matter  are  again  found  in  inorganic  nature.    A  ^ntal 
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element,  i.e.,  an  element  peciiUar  to  organisms  no  more  exists  than 
does  a  vital  force  working  independently  of  natural  and  material 
processes.  Also  with  reference  to  the  method  of  arrangement  of  the 
atoms,  organic  and  inorganic  sitbstances  have  been  erroneously  put  in 
sharp  contrast;  and  the  whole  of  the  carbon  compounds  have  been 
contemplated  as  the  products  of  organisms  only.  Now,  however,  it 
has  been  shown  for  some  time  not  only  that  the  atomic  arrangement 
and  constitution  of  both  are  explained  by  the  same  laws,  but  alpo 
that  a  great  many  of  the  former  (urea,  alcohol,  vinegar,  sugar)  can 
be  artificially  built  up  by  synthesis  from  their  elements.  These 
facts  point  to  the  probabihty  that  many  other  organic  substances 
wiU  be  synthetically  produced,  and  among  them,  albumin  ;  and  they 
also  permit  us  to  conclude  that  in  the  origination  of  organised  bodies 
the  same  forces  were  in  action  which  are  sufficient  for  the  formation 
of  unorganised  bodies.  The  functions  peculiar  to  organisms,  viz., 
metabolism,  movement,  growth,  are  accordingly  to  be  referred  to  the 
properties  of  the  chemical  compounds  composing  them,  and  particu- 
larly to  the  comphcated  molecular  arrangement  of  living  matter. 

Nevertheless,  this  important  property  of  Hving  things,  viz.,  meta- 
bolic action,  may  under  certain  conditions  be  temporarily  suppressed, 
without  thereby  depriving  the  organism  of  the  power  of  existence. 
By  removal  of  water  or  of  heat  it  is  possible,  in  the  case  of  many  of 
the  lower  organisms  and  their  germs,  to  suspend  the  vital  processes 
for  months  and. even  years;  and  then  to  restore  the  apparently  life- 
less body  to  the  fiill  excercise  of  its  vital  properties  by  the  simple 
addition  of  water  or  warmth  (eggs  of  Apus,  Ostracoda,  Anguillula 
tritici,  Rotifera — frogs,  water  insects,  plant  seeds). 

Finally,  the  living  body  is  distinguished  by  its  entire  form  and  by 
the  manner  in  which  its  various  parts  are  connected  together ;  in 
other  words,  by  its  organization.  The  form  of  a  crystal,  the  in- 
organic individual,  is  unchangeable,  and  is  bounded  by  straight  lines 
meeting  at  determined  angles,  and  by  plane,  rarely  spherical  suifaces, 
which  are  capable  of  mathematical  expression.  The  shape  of 
organisms,*  on  the  other  hand,  in  consequence  of  the  semifluid  con- 
sistency of  the  material  composing  them,  is  less  sharply  determinable 
and  is  within  certain  limits  variable.  Life  manifests  itself  as  a  con- 
nected series  of  ever-changing  states ;  and  the  movements  of  matter 
ai-e  accompanied  by  growth  and  change  of  form. 


*  The  fact  that  there  are  a  number  of  solid  excretion  products  of  organisms 
(shells)  whose  form  is  mathematically  determinal^le  docs  not  of  course  annul 
this  distinction. 
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The  organism  commencing  as  a  simple  cell,  the  egg  or  gei'm, 
develops  by  a  gradixal  process  of  ditterentiation  and  change  of  its 
parts  up  to  a  definite  point  at  wliich  it  has  the  power  of  reproducing 
itself ;  linally  it  dies,  and  breaks  up  into  its  elements.  The  gi-eater 
part  of  the  svibstance  composing  organised  bodies  is  more  or  less 
semifluid  and  liable  to  osmotic  action, — a  condition  which  appears 
to  be  necessary  both  for  the  cariying  on  of  chemical  changes  {cor])ora 
non  aytcnt  nisi  soluta),  and  for  the  modification  of  the  entire  form  oi 
the  organism  ;  it  is  not  however  homogeneous  and  uniform,  but  is 
composed  of  solid,  semifluid,  and  fluid  parts  which  exist  as  com- 
binations of  elements  of  a  peculiar  form.  Crystals  do  not  possess 
hetei'ogeneous  units  subordinated  to  one  another,  which,  like  the 
organs  of  living  bodies,  serve  as  instruments  for  the  performance  of 
different  functions,  but  are  composed  of  molecules  of  similar  atomic 
constitution ;  the  absence  of  uniformity  in  their  structure  in  differ- 
ent directions  (planes  of  cleavage)  being  due  to  the  arrangement  of 
the  molecules,  and  not  to  any  diflerence  in  the  molecules  themselves. 
Organs  again  prove,  on  examination  of  their  finer  structure,  to  be 

built  i\p  of  different  parts 
<«^2^^  tissues   (organs   of  a 

|r  ^^^^i  lower    order),   and  these 

a.    ""^^^^  %ss&      ^    again  are  composed  of  the 

■piG.  1.— «,  young  ova  of  a  Medusa ;  h,  mother-cells   ultimate   unit   of   Cell,  the 

of  spermatozoa  of  a  Vertebrate  ;  one  of  them  pre-  'Jf\^^  ^g]^]  ^^g^^ 

sented  amoeboid  movement.  .      ,      i  ^    t     ^  i 

IS  to  be  traced    back  tO' 

the  germ  cell  (ovum,  spermoblast)  (fig  1.) 

The  cell  by  its  properties  stands  in  direct  contrast  to  the  crystal, 
and  potentially  possesses  the  properties  of  the  living  organism.  It 
consists  of  a  small  lump  of  a  semifluid  albuminous  substance  (proto- 
plasm), containing,  as  a  ride,  a  dense  or  vesicular  structure,  the 
nucleus,  and  is  frequently  surrounded  by  a  peripheral  structureless 
membrane.  If  the  latter  is  not  developed,  the  presence  of  life  is 
indicated  by  a  more  or  less  pronounced  amoeboid  movement,  the 
fluid  protoplasm  sending  out  and  drawing  in  processes  of  .  a  continually 
changing  form. 

In  this  organised  fundamental  structure,  from  which  all  tissues 
and  organs  of  animals  and  plants  are  developed,  lie  latent  all  the 
characters  of  the  organism.  The  cell  is,  therefore,  in  a  certain  sense 
the  first  form  of  the  organism,  and  indeed  the  simplest  organism. 
While  its  origin  points  to  the  pre-existence  of  cells  of  a  similar  kind, 
its  maintenance  is  rendered  possible  by  metabolism.    The  cell  has  its 
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noiu'ishment  and  excretion,  its  growth,  movement,  change  of  form, 
and  reproduction.  With  participation  of  the  nucleus  it  begets  by 
cUvision  or  endogenous  cell  formation  new  units  Hke  itself,  and 
furnishes  the  material  for  the  construction  of  tissues,  for  the  for- 
mation, growth  and  change  of  the  body.  With  justice,  therefore,  is 
the  cell  recognised  as  the  special  embodiment  of  life,  and  life  as  the 
activity  of  the  cell. 


/ 


\  \ll   /  / 


Sill 


■■-"X 


/n 

//  1 

i 
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.  Fig.  2.— Amoeba  (Protogenes)  porrecta  (after  Max  Schultze). 

Nor  is  this  conception  of  the  significance  of  the  cell  as  the  criterion 
of  organisation  and  as  the  simplest  form  of  life  contradicted  by 
the  facts  that  the  nucleus  also  sometimes  fails  (so-called  cytodes  of 
Hfeckel),  and  that  bodies  undoubtedly  manifesting  vital  phenomena 
are  known  which  are  structureless  under  the  highest  power  of  the 
microscope.  Many  Schizomycetes  (Micrococcus)  are  so  small  that 
it  is  difficult  to  distinguish  them  in  some  cases  from  the  granules 
of  precipitates,  especially  when  they  show  only  molecular  motion 
[Brownean  movements]  (fig.  3),  Consequently,  the  living  j^rotoplasm, 
tvith  its  unknoion  molecular  arrangement,  is  the  only  absolute  test  of 
the  cell  and  organism  in  general. 

While  appreciating  the  essential  differences  which  have  been 
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expressed  in  the  above  discussion  of  the  properties  of  living  things 
and  unorganised  bodies,  we  must  not  in  our  criticism  of  the  relations 
between  them  lose  sight  of  the  fact,  that  in  numerous  lower  forms 

of  life,  metabolism,  and  all  the 
activities  of  life  can  be  completely 
suppressed  by  the  removal  of 
warmth  and  water,  without  there- 
by injuring  the  capacity  of  the 
organism  for  feontinuing  to  live; 
and  further,  that  in  the  smallest 
organisms,  which  are  proved  to  be 
svich  by  their  capacity  of  repro- 
ducing themselves  by  their  meta- 
bolism, and  it  is  impossible,  by 
means  of  the  very  strongest  powers 
of  the  microscope,  to  detect  any 
organization.  Since,  moreover,  the 
organic  matter  composing  such 
forms  consist  of  combinations 
which  can  be  produced  by  synthe- 
sis, independently  of  organization, 
we  must  allow  that  hypothesis  a 
certain  justification  which  asserts 
that  the  simplest  forms  of  life 
have  been  developed  from  unorganised  matter,  in  which  the  same 
chemical  elements  occur  as  are  found  in  organisms. 

Since  no  fundamental  difference  has  been  shown  to  hold  between 
the  matter  and  force  of  crystals  and  those  of  organized  beings,  we 
might  look  upon  the  first  appearance  of  life  as  essentially  only  the 
solution  of  a  difficult  mechanical  problem  (with  Du  Bois  Reymond), 
were  we  not  obliged  to  conclude  that  there  is  present  even  in  the 
simplest  and  most  primitive  organisms  the  germs  of  sensation  and 
consciousness,  attributes  which  we  cannot  regard  as  simply  the  results 
of  the  movement  of  matter. 


Fig.  3.— Schizomycetes  (after  F.  Cohn). 
a.  Micrococcus ;  I,  Bacterium  termo, 
Bacteria  found  in  putrefying  bodies 
both  in  motile  and  Zoogloea  form. 
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CHAPTER  II. 

ANIMALS  AND  PLANTS. 

The  division  of  living  bodies  into  animals  and  plants  rests  on  a  series 
of  ideas  early  impressed  on  our  minds.    In  animals  we  observe  free- 
movements  and  independent  manifestations  of  life,  arising  from 
internal  states  of  the  organism,  which  point  to  the  existence  of 
consciousness  and  sensation.    In  the  majority  of  plants,  which  pass . 
their  Kves  fixed  in  the  earth,  we  miss  locomotion  and  independent 
activities  indicative  of  sensation.    Therefore  we  ascribe  to  animals, 
voluntary  movement  and  sensation,  and  also  a  mind  which  is  the  seat 
of  these. 

Nevertheless  these  conceptions  apply  only  to  a  proportionately 
narrow  circle  of  organisms,  viz.,  to  the  highest  animals  and  plants. 
With  the  progress  of  experience,  the  conviction  is  forced  upon  us 
that  the  traditional  conception  of  animals  and  plants  needs,  so  far 
as  science  is  concerned,  to  be  modified.  For  although  we  find  no 
difficulty  in  distinguishing  a  vertebrate  animal  from  a  phanero- 
gamous plant,  still  our  conceptions  do  not  suffice  when  we  come  to 
the  simpler  and  lower  forms  of  life.  There  are  numerous  instances 
amongst  the  lower  animals  in  which  power  of  locomotion  and  distinct 
signs  of  sensation  and  consciousness  are  absent ;  while,  on  the  other 
hand,  there  are  plants  which  possess  ii-ritability  and  the  power  of  free 
movement.  Accordingly  the  properties  of  animals  and  plants  have 
to  be  compared  more  closely,  and  at  the  same  time  the  question  has 
to  be  discussed,  whether  there  are  any  absolute  distinctive  characters- 
which  sharply  separate  the  one  kingdom  from  the  other. 

1.  In  their  entire  form  and  oryanization  there  seems  to  be  an 
essential  contrast  between  animals  and  plants.  Animals  possess  a 
number  of  internal  organs  of  complicated  structure,  lodged  within  a 
compact  outline ;  while  in  plants  the  nutritive  and  excretory  organs 
are  spread  out  as  external  appendages,  with  a  considerable  superficial 
extension.  In  the  one  case  there  is  found  an  inner,  and  in  the  other 
an  outer  position  for  the  absorbent  surface.  Animals  have  a  mouth 
for  the  entry  of  solid  and  fluid  nutritive  matters,  which  are  digested 
and  absorbed  in  the  interior  of  an  alimentary  canal,  into  which  open 
various  glands,  (salivary  glands,  liver,  pancreas,  etc).  The  useless 
solid  remains  of  the  food  pass  out  through  the  anus  as  faeces. 
The  nitrogenous  waste  material  is  excreted  by  a  special  urinary 
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organ  (kidney),  mostly  in  a  iluid  form.  For  the  movement  and 
circulation  of  tlie  fluid  carrying  the  absorbed  nutriment,  there  is  a 
pulsatory  pump  (heart)  and  a  system  of  blood  vessels,  while  respira- 
tion is  usually  carried  on  in  terrestrial  animals  by  lungs,  and  in  aquatic 
animals  by  gills.  Finally,  animals  possess  internally  placed  generative 
organs,  and  a  nervous  system,  and  sense  organs  for  the  production 
of  sensation. 

In  plants,  on  the  contrary,  the  vegetative  organs  have  a  much 
simpler  form.  Roots  serve  to  absorb  fluid  nutriment,  while  the 
leaves  act  as  respiratory  and  assimilating  organs,  taking  in  and  giv- 
ing out  gas.  The  complicated  systems  of  organs  found  in  animals 
are  absent,  and  a  more  uniform  parenchyma  of  cells  and  vessels, 
in  which  the  sap  moves,  composes  the  body  of  plants.  The  gener- 
ative organs  also  are  placed  in  external  appendages,  and  there  are 
no  nervous  and  sense  organs. 

Nevertheless,  the  above  mentioned  differences  are  not  universally 
fovmd,  but  rather  hold  only  for  the  higher  animals  and  plants,  and 
gradually  disappear  with  the  simplification  of  the  organization. 

Even  among  vertebrates,  and  still  more  is  it  the  case  amongst 
mollusca,  and  the  lower  segmented  animals,  the  respiratory  and 
vascular  organs  are  considerably  simplified.  The  lungs  or  gills  may 
fail  as  special  organs,  and  be  replaced  by  the  whole  outer  surface  of 

the  body.  The  blood  vessels  are 
simplified,  and  sometimes  they  and 
the  heart  are  absent,  the  blood  being 
moved  in  more  irregular  streams  in 
the  body  cavity  and  in  the  wall-less 
spaces  in  the  organs.  Similarly,  the 
digestive  organs  are  simplified ; 
salivary  glands  and  liver  may  no 
longer  be  found  as  glandular  appen- 
dages of  the  alimentary  canal.  The 
alimentary  canal  may  become  a 
blind,  branched,  or  simple  sac 
(Trematoda),  or  a  central  cavity, 
the  walls  of  which  are  in  contact 
with  the  body  wall  (Ccelenterata), 
The  mouth  and  alimentary  canal 
may  also  fail  (Cestodes),  nourish- 
ment being  taken  in  by  osmosis 
through  the  outer  walls  of  the  body  as  in  plants.    Finally,  nerves 


Fig.  4.— Branch  of  a  Polyparium  of 
OoralUum  nibrum  (after  Lacaze 
Duthiers).   P,  Polyp, 
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and  sense  organs  are  totally  absent  in  many  organisms,  which  are 
looked  upon  as  animals,  e.g.,  in  the  whole  of  the  Protozoa. 

With  such  reduction  of  the  internal  organs  it  is  easy  to  understand 
that  the  simpler  lower 
animals,  such  as  colonies 
of  polyps  and  the  Sipho- 
nophora,  should  often  in 
their, outer  appearance  and 
the  manner  of  their  growth 
resemble  plants,  with  which 
they  were  formerly  con- 
founded, especially  when 
they  at  the  same  time 
lacked  the  power  of  free 
locomotion  (Polyps,  Hy- 
droids,  figs.  4,  5).  In  these 
cases  it  is  as  difficult  to 
apply  the  idea  of  "indi- 
viduality" as  it  is  in  the 
vegetable  kingdom. 

2.  Between  animal  and 
vegetable  tissues  there  exists 
also  generally  an  important 
difierence.  While  in  the 
vegetable  tissues  the  cells 
preserve  their  original  form 
and  independence,  in  the 
animal  tissues  they  undergo 
very  various  modifications 
at  the  expense  of  their 
independence.  Accordingly 
vegetable  tissues  consist  of 
uniform  cell  -  aggregates, 
the  individual  cells  of 
which  have  retained 
sharply  -  marked  bounda- 
ries; while  in  animal  tis- 
sues the  cells  give  rise  to 


Fig.  5.  —  Physophora  hydrostatica.  Fn,  Pneuma- 
tophor  ;  S,  Swimmincr-bells ;  T,  Dactylozooid ; 
-P.  pnlypite  or  stomach  with  the  tentacles,  Sf. ; 

terminal  swellings  on  the  latter  provided 
with  thread-cells  ;  G,  Clusters  of  gonophores 


extremely  different  structures,  in  which  the  cells  as  such  do  not 
always  remain  recognisable.  The  reason  for  this  unlike  condition  of 
the  tissues  must  apparently  be  sought  in  the  different  structure  of 
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the  cell  itself ;  the  vegetable  cell  being  surrounded  outside  its  pri- 
luordiiil  utricle  by  a  thick  non-nitrogenous  cuticle,  the  cellulose 
capsule ;  while  the  animal  cell  possesses  a  very  deHcate  nitrogenous 
membrane,  or  instead  of  this  only  a  more  viscous  boundary  layer  of 
of  its  own.  semi-fluid  contents.  Nevertheless,  there  are  also  vegetable 
cells  provided  only  with  a  simple  naked  primordial  utricle ;  and,  on 
the  other  hand,  animal  tissues  which  resemble  vegetable  tissues  in 
the  fact  that  the  cells  remain  independent  and  develop  a  capsule 
(Chorda  dorsalis,  cartilage,  supporting  cells  in  the  tentacles  of  hydroids, 
fiff.  6). 


Fig.  6,— a,  Vegetable  parenchyma  (after  Sachs).    6,  Axial-cells  from  the  tentacles  of  Cam- 

panularia. 

Neither  can  we,  as  has  been  done  by  many  investigators,  regard  the 
multicellular  composition  of  the  body  as  a  necessary  sign  of  animal 
life.  For  not  only  are  there  many  unicellular  algse  and  fungi,  but 
also  animal  organisms  which  are  composed  of  one  simple  or  complexly 
differentiated  cell  (Protozoa).  Finally,  it  is  not  possible  to  see  any 
reason  why  unicellular  animals  should  not  exist,  especially  when  we 
consider  that  the  cell  forms  the  starting-point  for  the  development  of 
the  animal  body. 

3.  Least  of  all  can  a  test  be  found  in  the  reproductive  processes. 
In  plants  indeed  we  find  a  predominance  of  the  asexual  method  of 
increase  by  spores  and  buds,  but  similar  methods  of  increase  are 
widely  present  amongst  the  lower  and  more  simply  organised  ani- 
mals. Sexual  reproduction  is  effected  both  in  animals  and  plants  by 
processes  which  are  essentially  similar;  consisting  in  both  of  the 
fusion  of  the  male  element  {spermatozoon)  with  the  female  element 
{ovum)  ;  and  the  form  of  these  elements  presents  in  both  kingdoms  a 
great  agreement,  at  any  rate  they  are  in  every  case  deiived  from 
cells.  The  structure  and  position  of  the  generative  organs  inside  the 
body,  or  as  outer  appendages  of  it,  cannot  be  regarded  as  a  distin- 
guishing mark,  inasmuch  as  in  both  kingdoms  the  greatest  difference 
prevails  in  this  respect. 


METABOLISM  IN  ANIMALS  AND  PLANTS. 
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4.  The  chemical  constituents  and  the  metabolic  processes  in  animals 
and  plants  present,  on  the  whole,  important  features  of  difference. 
Formerly  great  importance  was  attached  to  the  fact  that  plants 
consist  chiefly  of  ternary  (non-nitrogenous)  compounds,  while  animals 
consist  of  quaternary  nitrogenous  compounds  ;  and  a  greater  impor- 
tance was  attached  in  the  former  to  the  carbon,  in  the  latter  to  the 
nitrogen.  But  ternary  compounds  are  found  to  be  largely  present 
in  the  animal  body,  e.g.,  fats,  carbohydrates ;  while,  on  the  other  hand, 
quaternary  proteids  play  an  important  part  in  those  parts  of  a  plant 
which  are  especially  active  in  growth.  Protoplasm  found  in  the 
living  vegetable  cell  is  richly  nitrogenous,  and  of  an  albuminous 
nature;  and  it  agrees  in  its  micro-chemical  reactions  with  sarcode, 
the  contractile  substance  of  the  lower  animals.  In  addition,  the 
modifications  of  egg  albumen,  known  as  fibrin,  albumen,  and  casein, 
are  also  found  in  vegetable  cells.  Finally,  it  is  not  possible  to 
mention  any  substance  which  is  universally  and  exclusively  found 
either  in  animals  or  in  plants.  Chlorophyll  (green  colouring  matter 
of  leaves)  occurs  in  the  lower  animals  (Stentor,  Hydra,  Bonellia), 
while,  on  the  other  hand,  it  is  totally  absent  in  Fungi.  Cellulose, 
a  peculiar  non-nitrogenous  substance  found  in  the  outer  membranes 
of  vegetable  cells,  occurs  in  the  mantle  of  Ascidians.  Cholesterin, 
and  certain  substances  especially  characteristic  of  nervous  tissues, 
are  also  found  in  plants  (Leguminosas). 

Of  far  greater  importance  is  the  difference  in  the  nourishment  and 
metabolic  processes.  Plants  take  up  with  certain  salts  (phosphates 
and  sulphates  of  the  alkahes  and  earths)  more  especially  water, 
carbonic  dioxide  (carbonic  acid),  and  nitrates  or  ammonia  compounds, 
and  build  up  organic  compounds  of  a  higher  grade  from  these  binary 
inorganic  substances.  Animals,  in  addition  to  taking  up  water  and 
salts,  require  organic  food,  especially  carbon  compounds  (fat)  and 
nitrogenous,  albuminous  substances;  which,  in  the  cycle  of  metabo- 
lism, break  down  to  nitrogenous  waste  products  (amides  and  acids), 
kreatin,  tyrosin,  lecucin,  urea,  etc. ;  uric  acid,  hippuric  acid,  etc.  Plants 
exhale  oxygen,  whilst  they  are  decomposing  carbon  dioxide  by  means 
of  their  chlorophyll  under  the  influence  of  light,  and  are  forming  in 
their  chlorophyll  corpuscles  organic  substances  from  carbon  dioxide 
and  solutions  containing  combined  nitrogen.  Animals  take  up  oxygen 
through  their  respiratory  organs  for  the  maintenance  of  their  meta- 
bolism. The  processes  of  metabolism  and  of  respiration,  therefore,  in. 
the  two  kingdoms  are  indeed  mutually  determinant,  but  have  an 
exactly  opposite  result.    The  life  of  animals  depends  on  the  analysis 
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of  complex  compounds,  and  is  essentially  an  oxidation  process,  by 
which  potential  energy  is  converted  into  kinetic  (movement,  produc- 
tion of  heat,  light).  The  vital  activity  of  plants,  on  the  contrary,  is 
based,  so  far  as  it  relates  to  assimilation,  on  synthesis,  and  is 

essentially  a  process  of  reduction ; 
under  the  influence  of  which  the 
energy  of  warmth  and  light  is  stored 
up,  kinetic  energy  being  converted  into 
potential. 

Nevertheless,  this  difference  also  is 
not  applicable  as  a  test  in  all  cases. 
Recently  the  attention  of  investigators 
has  been  turned,  especially  by  Hooker 
and  Darwin,*  to  the  remarkable  nutri- 
tive and  digestive  processes  in  a  group 
of  plants  which  were  first  observed  a 
hundred  years  ago  (Ellis).  The  plants 
in  question  catch,  after  the  manner  of 
animals,  small  organisms,  especially  in- 

„   ^    „  „  „  ^   A-f  T    sects,  and  absorb  from  them  through 

Fig.  7.— Leaf  of  Drosera  rotundifolia,  °^^'"='j  "  o 

with  partially  contracted  tentacles  the  glandular  surface  of  their  leaves 
(after  Darwin).  organic   matter  after  a  chemical 

process  resembling  animal  digestion  (leaves  of  the  Sun-dew,  Drosera 
rotundifolia,  and  the  fly-catcher,  Bioncea  muscipula.    Figs.  7  &  8). 

Many  pai-asitic  plants  and 
almost  all  fungi  have  not, 
however,  in  general,  the 
power  of  making  organic 
substances  from  inorganic, 
but  suck  up  organic  juices ; 
and  in  taking  up  oxygen 
and  giving  out  carbonic 
acid,  they  present  a  respi- 
ratory process  resembling 
that  found  in  animals. 
It  was  estabhshed  by 
Saussure's  observations  that  all  plants  require  oxygen  at  certain 
intervals;  that  in  those  parts  of  plants  which  are  not  green,  not 
possessing  chlorophyll,  and  also  in  the  green  parts  in  the  absence 
of  sunlight,  i.e.  at  night,  a  consumption  of  oxygen  and  exhalation 
*  Compare  ospecially  Ch.  Darwin,  "  Insectivorous  Plants."    London,  1875. 


Fig.  8.- 


-Leaf  of  Dionaea  muscipula  in  expanded, 
condition  (after  Darwin). 
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of  carbonic  acid  goes  on.  In  plants,  therefore,  together  with 
the  characteristic  deoxidation  process,  there  is  always  found  a 
process  of  oxidation  analogous  to  that  occurring  in  animal  me- 
tabolism; by  which  a -part  of  the  assimilated  substances  is  again 
destroyed.  The  gi-owth  of  plants  is  impossible  without  the  con- 
sumption of  oxygen  and  the  production  of  carbonic  acid.  The  more 
energetic  the  growth,  the  more  oxygen  is  consumed,  as  indeed  the 
germinating  seed  or  the  quickly  unfolding  leaf  and  flower  buds 
rapidly  consume  oxygen  and  excrete  carbonic  acid.  In  this  con- 
nection should  be  mentioned  the  fact  that  the  movements  of  proto- 
plasm depend  upon  the  inspiration  of  oxygen.  The  production  of 
heat  (in  germination),  also  of  light  {Agaricus  olearius)  is  accompanied 
by  an  active  consumption  of  oxygen.  Finally,  there  are  organisms 
(yeast  cells,  Schizomycetes)  which  indeed  manufacture  both^  nitro- 
genous and  albuminous  compounds,  but  do  not  assimilate  the  carbon 
of  carbonic  acid,  but  rather  derive  the  necessary  carbon  from  pre- 
pared carbohydrates  (Pasteur,  Cohn). 

5.  Voluntary  movement  and  sensation,  according  to  the  common 
view,  is  the  chief  characteristic  of  animal  life.  Formerly,  the  power 
of  free  locomotion  was  looked  upon  as  a  necessary  property  of 
animals ;  and  as  a  consequence  of  this  the  fixed  colonies  of  Polyps 
were  considered  to  be  plants,  until  Peyssonnel  brought  forward 
proof  of  their  animal  nature,  a  view  which  by  the  influence  of  the 
great  naturalists  of  the  last  centtiry  has  g^iined  general  recognition. 
More  recently,  on  the  discovery  of  the  existence  of  motile  spores 
of  alg£B,  it  was  first  recog- 
nised that  plants  also, 
especially  at  certain  stages 
of  their  development  (fig. 
9),  possessed  the  power  of 
free  locomotion,  so  that 
Ave  are  compelled  to  direct 
our  attention  to  the  signs 

by    which     the   voluntary  9.— Zoospores,  a,  of  Physanm  ;  h,  of  Monostroma  ; 

nature    of    the   movement         c.  of  Ulothrix ;  a,  of  Bedogonkim ;  e,  of  Vaucheria 
^       1     •  1    1    (•  T  (after  Eeinke). 

can  be  decided  tor  a  dis- 
tinction between  the  respective  movements  of  animals  and  plants. 
As  such  for  a  long  time  was  regarded  the  contractile  nature  of  the 
movement  as  opposed  to  the  uniform  movements  of  plants  carried 
out  with  rigid  bodies. 

In  the  place  of  muscles,  which  as  a  special  tissue  are  absent  in  the 
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lower  animals,  there  is  present  an  undifferentiated  albuminous 
substance  known  as  sarcode,  the  contractile  matrix  of  the  body.  Tlie 

viscous  contents  of  vegetable  cells, 
known  as  protoplasm,  possesses  likewise 
the  power  of  contractility,  and  re- 
sembles sarcode  in  its  most  essential 
properties.  Both  present  the  same 
chemical  reactions  and  agi'ee  in  the  fre- 
quent presence  of  cilia,  vacuoles,  and 
streams  of  granules.  Pulsating  spaces, 
the  contractile  vacuoles,  are  not  ex- 
clusively a  possession  of  sarcode,  but 
may  also  occur  in  the  protoplasm  of 
vegetable  cells  {Gonium,  Chlamydo- 
monas,  Chcetofhora).  The  contractility 
of  the  protoplasm  of  vegetable  cells 
is,  as  a  rule,  limited  by  the  cellulose 
membrane,  but  in  the  naked  cells  of 
Volvocina  and  Sajjrolegnia,  and  in  the 
amccba-like  forms  occurring  in  the 
development  of  Myxomycetes,  the  contractile  power  is  as  intense  as 
in  the  sarcode  of  Infusoria  and  Rhizopoda.  The  amoeboid  move- 
ments of  the  Plasmodium  of  Myxomycetes  (fig.  10)  are  not  inferior 

in  intensity  to  those  of  a  genuine 


Fig.  10. — Zoospores  of  AetJialium 
septicum  after  de  Bary.  a,  in 
condition  of  hatching ;  b,  as 
mastigopods  ;  c,  La  the  amceboid 
stage;  d,  a  piece  of  Plasmodium. 
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Amoeba  belonging  to  the  Rhizo- 
poda, e.g.,  Amceha  'polypodia  {prin- 
cep)s),  {fig.  11).  In  these  similar 
phenomena  of  movement  of  the 
lower  animals  and  plants  we  seek 
in  vain  for  any  test  of  volition,  the 
interpretation  of  which  will  depend 
upon  the  individual  judgment  of 
the  observer. 

The  faculty  of  sensation,  which 
is  inconceivable  as  a  function  of 
matter  and  which  must  be  always 
pre-supposed  wherever  we  have 
to  do  with  voluntary  movement, 
can  by  no  means  be  afiirmed  with 
certainty  in  all  animal  organisms.  Many  of  the  lower  animals  entirely 
lack  a  nervous  system  and  sense  organs,  and,  on  stimulation,  exhibit 


Fig.  11. — Amceba  Dactylosphcera  polypodia. 
N,  nucleus.  Pv,  contractile  vacuole  (after 
Fr  E.  Schultzo). 
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but  slight  movements  not  more  intense  than  those  of  plants.  This 
irritabiUty,  however,  appears  widely  present  among  the  higher  plants. 
The  sensitive  plants  move  their  leaves  on  the  application  of  mechani- 
cal stimuH  {Mimosece),  or  bend  like  the  sundew  {Drosera,  fig.  7) 
small  knobbed  processes  of  the  leaf  surface  which  are  comparable  to 
the  tentacles  of  polyps.  The  fly-catcher  {Dio7ima,  fig.  8)  brings  the 
two  halves  of  the  leaf  together  in  a  valve-like  manner  when  touched 
by  insects.  The  stamens  of  the  Centaurea  contract  along  their  whole 
length  on  mechanical  and  electrical  stimulation,  and  according  to  the 
same  laws  as  do  the  muscle  of  the  higher  animals.  Many  flowers 
open  and  shut  under  the  influence  of  light  at  certain  times  of  the 
•  day. 

Accordingly  irritability  as  well  as  contractility  appears  to  be  a 
property  both  of  vegetable  tissue  and  of  the  protoplasm  of  vegetable 
cells;  and  it  is  not  possible  to  determine  whether  volition  and 
sensation,  which  we  exclude  from  these  phenomena  in  plants,  play  a 
part  in  the  similar  sensory  and  motor  phenomena  of  the  lower 
animals. 

In  none  of  the  above-mentioned  characteristics  of  animal  and 
vegetable  life,  then,  do  we  find  any  absolute  test,  and  we  are  not  in 
a  position  to  indicate  the  presence  of  a  sharp  line  between  the  two 
kingdoms. 

From  the  common  starting-point  of  the  contractile  substance* 
animals  and  plants  are  developed  in  diff'erent  directions;  at  the 
beginning  of  their  development  they  present  many  kinds  of  resem- 
blance, and  it  is  only  on  their  attaining  a  more  complete  organization 
that  the  full  opposition  between  them  is  apparent.  In  this  sense, 
without  wishing  to  draw  a  sharp  line  between  the  two  series  of 
organization,  we  can  define  our  conception  of  an  animal  by  putting 
together  all  the  characteristics  distinguishing  the  direction  of  animal 
development. 

An  animal,  therefore,  is  to  be  defined  as  an  organism  provided 

with  the  power  of  free  and  voluntary  movement,  and  with  sensation ; 

whose  organs  are  internal,  and  are  derived  from  a  development  of 

the  internal  surfaces  of  the  body ;  which  needs  organic  food,  inspires 

oxygen,  changes  potential  energy  into  kinetic  under  the  influence  of 

oxidation  processes  in  metabolism,  and  excretes  carbonic  acid  and 

nitrogenous  waste  productr. 

*  The  formation  of  an  intermediate  kingdom  for  the  simplest  forms  of  life 
in  neither  scientifically  justified,  nor  from  practical  considerations  desirable. 
On  Ihe  contrary,  the  acceptance  of  the  Protista  would  only  double  the  difliculty 
of  determining  the  limit. 
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Zoology  is  the  science  which  has  animals  for  its  subject,  and  wliich 
seeks  to  examine  the  phenomena  of  their  structure  and  life,  as  well 
as  their  relations  to  one  another  and  to  the  outer  world. 


CHAPTER  III. 

THE  ORGANIZATION  AND  DEVELOPMENT  OP  ANIMALS  IN  GENERAL. 

In  the  foregoing  comparison  of  animals  and  plants  for  the 
establishment  of  a  correct  idea  of  the  meaning  of  the  word  "animal," 
the  great  variety  and  the  numerous  grades  of  animal  structure  have 
been  hinted  at.  J ust  as  the  complex  organism  is  built  up  from  the 
ovum  by  a  process  of  gradual  differentiation,  and  often  during  its 
free  life  passes  through  conditions  which  lead  in  ascending  series 
to  an  ever  higher  development  of  the  parts  and  to  a  more  complete 
performance  of  functions;  so,  if  the  animal  kingdom  be  examined  as 
a  whole,  there  is  apparent  a  similar  law  of  gradually  progressing 
development,  of  an  ascent  from  the  simple  to  the  complex,  manifest 
both  in  the  form  of  the  body  and  in  the  compositicn  of  its  parts  as 
well  as  in  the  completeness  of  the  phenomena  of  life. 

It  is  true  that  the  grades  of  animal  structure  do  not,  like  those  of 
the  developing  individual,  follow  the  one  upon  the  other  in  a  single 
continuous  series ;  and  the  parallel  between  the  developmental 
gradation  of  types  in  the  animal  kingdom  as  a  whole  and  the  suc- 
cessive conditions  of  an  individual  animal  breaks  down  in  so  far  as 
we  distinguish  in  the  former,  as  opposed  to  the  latter,  a  number  of 
types  of  animal  structure  often  overlapping,  but  still,  in  their  higher 
development,  essentially  different  from  each  other.  These  we  regard 
as  the  highest  divisions  of  the  system. 

INDIVIDUAL  ORGAN — STOCK. 

The  animal  organism,  when  viewed  from  a  physiological  and  mor- 
phological stand-point,  presents  itself  as  an  independent  and  indivisible 
unit,  as  a  "  complete  individual."  Amputated  limbs  or  excised  parts 
of  the  body  do  not  develop  into  new  animals;  in  fact  we  cannot 
usually  remove  a  single  piece  of  the  body  without  thereby  endanger- 
ing the  life  of  the  organism,  for  it  is  only  as  a  complex  of  all  its 
parts  that  the  body  can  retain  its  full  vital  energy.  With  reference 
to  the  property  of  the  indivisibility  of  the  individual,  we  understand 
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by  the  term  organ  every  part  of  the  body  wHch  as  a  unit  subordi- 
nate to  the  higher  unit  of  the  organism  presents  a  definite  form  and 
structure,  and  performs  a  corresponding  function  ;  that  is  to  say,  an 
organ  is  one  of  those  numerous  instruments  on  the  combined  work- 
ing of  which  the  hfe  of  the  individual  depends. 

There  are  certainly  among  the  simpler  animals  many  instances  in 
which  the  term  individual  in  its  usual  sense  cannot  be  rightly 
applied.  In  such  cases  we  have  to  do  with  structures  which  from 
their  development  must  be  termed  individuals,  and  represent  indi- 
viduals, accordingly,  in  a  morphological  sense.  A  great  many  of  them 
are,  however,  fused  to  a  common  stock,  forming  what  is  known  as  a 
colony,  and  are  related  physiologically  to  this,  as  organs  are  to  an 
organism.  They  are  accordingly  incomplete  or  morphological  indivi- 
duals, which  are  usually  incapable  of  leading  a  separate  existence ; 
and,  when  they  differ  from  each  other  in  form  and  function,  dividing 
amongst  themselves  the  labours,  the  performance  of  which  is  neces- 
sary for  the  maintenance  of  the  whole  colony,  they  always  perish 
if  separated  from  it. 

Such  polymorphous  *  stocks  of  animals  present  the  properties  of 
individuals  although  they  are  morphologically  aggregations  of  indi- 
viduals which  behave  physiologically  as  organs  (fig.  5).  On  the  other 
hand,  groups  of  organs  can  acquire  individual  independence. 

In  the  animal  body  organs  do  not  always  remain  single,  but  the 
same  organ  may  be  often  repeated.  The  manner  of  the  repetition  is 
dependent  on  the  kind  of  symmetry,  which  may  be  radiate  or  bilateral. 
In  animals  with  radiate  symmetry,  the  Radiata,  it  is  possible  to 
connect  two  opposite  points  of  the  body  by  an  axis,  which  may  be 
called  the  chief  axis,  and  to  xlivide  the  body  by  sections  passing 
through  this  axis  into  a  number  of  equivalent  and  symmetrical  parts 
known  as  antimeres.  The  organs  which  are  not  repeated  are  situated 
in  the  chief  axis  of  the  body,  while  the  other  organs,  which  are 
unifoi-mly  repeated  in  each  antimere,  are  situated  peripherally.  Each 
antimere  contains,  therefore,  a  defi.nite  group  of  organs  and  represents 
a  secondary  unit,  which,  together  with  its  fellows  and  the  central 
organs,  constitutes  the  primary  unit,  i.e.,  the  perfect  animal. 

In  a  radiate  animal  a  number  of  lines  can  be  drawn  at  right  angles 
to  the  chief  axis,  corresponding  in  number  to  the  antimeres,  and 
each  passing  along  the  middle  of  an  antimere ;  such  lines  are  known 
as  radial.    Similarly,  a  corresponding  number  of  inter-radial  lines 

*  Vide  R.  Leuckart,  "  Uebcr  den  Polymorphismus  der  Individucn  und  die 
Erscheinutig  der  Arbeitstheilung  in  der  Natur."    Giessen,  1851. 
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can  be  drawn,  passing  between  tlie  antimeres.  A  vertical  section 
through  a  radial  line  divides  the  corresponding  antimere  into  two 


of  interambulacral  plates  and  the  Fig.  12J.— Shell  of  a  Sea-urchin  seen 

genital  organs  Q ;  B,  radii  with  the  from  above.   R,  radius  with  the  per- 

double  row   of   ambulacral-plates  f orated  plates ;  J,  inter-radius  with 

perforated  by  the  ambulacral  pores.  the  corresponding  generative  organs 

A,  anus.  and  their  pores. 


equal  parts,  while  a  similar  section  through  an  inter-radial  line 
divides  one  antimere  from  its  neighbour.    Radiate  animals  may  have 

two,  three,  etc.,  radii ;  and  in 
animals  which  possess  an  uneven 
number  of  radii,  one  radius  and 
one  inter-radius  always  fall  in  the 
same  vertical  plane  (fig.  12a,  b, 
and  fig.  13).  In  animals  with  an 
K  even  number  of  radii,  on  the  con- 
trary, each  vertical  plane  passes 
through  two  radii  or  two  inter- 
radii.  A  vertical  section  passing 
^  X,  /T  ^-  s   n    through  one  radius  would,  if  pro- 

FiG.  13.— star-fish  (diagrammatic).    (?,  o  '  r 

generative  organ  in  inter-radius ;  Af,  longed,  pasS  through  the  radius  of 
posiUon  of  the  ambulacral  feet  in  the     ^-^^  opposite  antimere  (fig.  14«).  For 

example,  an  animal  witli  four  radii 
possesses  four  antimeres,  each  of  which  will  be  divided  into  two,  by 
two  radial  vertical  sections  passing  at  right  angles  to  each  other 
through  the  chief  axis ;  while  they  will  all  be  separated  from  each 
other  by  two  similarly  directed  inter-radial  sections. 

Biradiate  forms  (the  Ctenophora)' possess,  on  the  contrary,  only  two 
radii,  Avhich  lie  in  a  common  vertical  plane.  A  second  vertical  plane 
crossing  the  fi.rst  at  right  angles  passes  through  the  inter-radii,  and 
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dh-ides  the  antimeres  from  each  other.  The  first,  m  which  the 
o-veater  number  of  organs  are  repeated,  may  be  designated  the 
tansverse  plane,  while  the  second,  corresponding  to  the  median  plane 
of  bilateral  animals,  is  known  as  the  sagittal  plane  (fig.  146). 


Fig.  14«.— Acaleplia  lai-va  (Bphyra). 
Mk,  marginal  body ;  Gf,  gastric  fila- 
ment. Rc,  radial-canal ;  O,  mouth. 


Fig.  146.  —  Ctenoplieran  seen  from 
above.  S,  sagittal  plane ;  T,  trans 
Terse  plane ;  H,  vibratile  plates ;  <?/, 
gastric  canals. 


In  the  bilateral  arrangement,  which  is  found  also  in  each  individual 
antimere  of  the  Radiata,  only  one  plane,  the  median  plane,  can  be 
imagined,  which  passes  through  the  chief  axis  and  divides  the  body 
into^two  exactly  similar  parts  (right  and  left).  These  two  halves,  as 
opposed  to  antimeres,  may  be  termed  parameres. 
In  bilateral  animals  we  distinguish  an  anterior  and 
posterior  end,  a  right  and  a  left  side,  and  a  dorsal 
iind  a  ventral  surface.  The  unpaired  organs  are 
placed  in  the  middle  line,  on  each  side  of  which,  in 
the  two  halves  of  the  body,  are  placed  the  paired 
organs.  The  plane  which  is  placed  at  right  angles 
to  the  median  plane  (passing  from  right  to  left)  and 
separates  the  unlike  dorsal  and  ventral  halves  of 
the  body,  is  known  as  the  lateral  plane.  The  anti- 
meres of  the  Radiata  also  consist  of  two  parameres, 
and  are  therefore  bilateral,  in  that  the  vertical  plane 
passing  through  the  radius  like  the  median  plane 
divides  them  into  two  similar  parts. 

The  same  groups  of  organs  or  similar  parts  of 
the  same  organ  may  also  be  repeated  in  a  longitu-  fig.  15.— segmented 
dinal  direction.  This  occurs  especially  frequently  ;;7i,,;y°i75^Si. 
in  bilateral,  less  frequently  in  radiate  animals  mentary  canal;  c, 
{strohila).  The  body  thus  obtains  a  segmentation,  "^^^^5  tentacle, 
and  is  divisible  into  successive  sections,  the  segments  or  metameres, 
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Which  are  placed  one  behind  the  other,  and  more  or  less  completely 
resemble  em,h  other  in  structure  {Annelids,  %.  15).  The  successive 
segments  may  in  structure  and  function  appear  completely  equiva- 
lent, and  represent,  like  the  antimeres  of  the  lUdiata,  individuals 
of  a  lower  order,  which  on  the  severance  of  their  mutual  connec- 
tion can  acquire  independence  and  remain  alive  for  a  shorter  or 
longer  period  {proglottis  of  Cestodes). 

^  In  animals  of  higher  organization  the.  segments  are  much  more 
intimately  connected,  and  are  mutually  dependent,  but  they  lose  at 
the  same  time  their  complete  homonomy.  In  the  same  degi-ee  as  the 
metameres  acquire  an  unhke  structure,  and  corresponding  to  this  a 

varying  importance  in  the  life  of  the  organ- 
ism, they  lose  their  individual  independence, 
and  sink  more  and  more  to  the  value  of  organs. 

The  metameres  in  the  polymorphous 
colonies  are  quite  analogous  to  the  segments 
of  the  individual.  In  them  there  follow,  one 
behind  the  other,  similar  groups  of  different 
individuals,  each  of  which  fulfils  singly  the 
conditions  necessary  for  existence,  and  there- 
fore can  continue  to  live  as  a  colony  of  a 
lower  order  when  separated  from  the  stock 
{Eudoxia,  Diphyes,  fig.  16). 

The  distinction  into  a  higher  and  lower 
order  also  holds  for  organs.  There  are  organs 
which  are  reducible  to  a  single  cell,  or  to  an 
aggregation  of  equivalent  cells  (simple  organs), 
and  others  in  the  formation  of  which  various 
cells  and  tissues  (compound  organs)  partici- 
pate, and  which  frequently,  in  theii-  turn,  may 
be  divided  into  parts  different  in  structure 
and  function.  The  compound  organs  of  higher  order  are  composed 
of  different  parts  which  function  as  organs  of  a  lower  order.  These, 
again,  are  composed  of  various  kinds  of  cells  and  cell  derivates,  which 
are  organs  of  a  still  lower  order.  Finally,  in  the  last  analysis,  we 
come  to  the  cell  or  the  area  of  protoplasm  corresponding  to  it,  which 
is  the  simplest  and  ultimate  organ.  On  the  other  hand,  we  group 
together  organs  of  different  order,  which  are  intimately  connected  so 
far  as  their  chief .  function  is  concerned,  under  the  name  of  system 
(vascular  system,  nervous  system)  or  apparatus  (digestive  apparatus), 
although  we  cannot  clearly  distinguish  them  from  compound  organs. 


Fig.  16.— Portion. of  Diphyes 
fter  E.  Leuckart).  D, 
hycLropliyllium  ;  Gs,  gono- 
pliore ;  F,  Polyp  witli 
tentacle.  The  groups  of 
individuals  separate  them- 
selves as  Eudoxia. 
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CELLS  AND  CELL  TISSUES.- 

The  constituent  parts  of  which  an  organ  is  made  up  are  known  as 
tissues.  They  possess  a  definite  structure,  visible  with  the  help  of 
a  microscope,  and  have  either  the  form  of  cells  or  of  structures 
derived  from  cells.  Tissues  have  a  function  corresponding  to  their 
special  structure,  and  this  function  determines  the  whole  function  of 
the  organ.  They  may,  therefore,  be  regarded  as  organs  of  a  lower 
order.  The  ultimate  unit,  the  organ  of  the  lowest  order,  or  ele- 
mentary organ,*  from  which  all  tissues  are  derived,  is  the  cell. 
The  essential  part  of  a  cell  is  not,  as  we  have  already  seen,  the 
membrane  or  the  nucleus,  but  the  protoplasm,  with  its  special 
molecular  arrangement,  in  which  reside  the  functions  of  independent 
movement,  of  metabolism  and  of  reproduction  (fig.  1). 

The  nucleus  of  a  cell  is  either  a  sohd  mass  of  protoplasm  or  a 
more  fluid  structure  enclosed  by  a  firm  membrane,  and  may  con- 
tain one  or  more  solid  bodies  (nucleolus).  Difierent  as  are  the 
forms  which  the  nucleus  may  take,  it  always  contains  a  fluid  sub- 
stance, the  nuclear  fluid,  and  a  pro- 
toplasmic substance,  the  nuclear 
substance  of  a  special  importance 
for  the  functions  of  the  nucleus 
(fig.  17). 

An  important  and  very  general 
property  of  protoplasm  ig  its 
power  of  contractility.  The  living 
mass  presents,  in  connection  with 
metabolism,  phenomena  of  move- 
ment. These  movements  are  not 
merely  confined  to  the  currents  of 
solid  particles  suspended  in  the 
viscous  contents  of  the  cell,  but 
are  shown  also  ■  in  the  change  of 
form  of  the  whole  cell.  If  the  outer  part  of  the  protoplasm  has 
condensed  so  as  to  give  rise  to  a  cell  membrane,  i.e.,  if  the  cell  has 
acquired  a  distinct  wall,  the  changes  in  its  form  are  very  much 
restricted.  In  other  cases  the  movement  shows  itself  in  a  quick 
or  slow  change  in  the  outer  form.    The  cell  in  this  case  manifests 

*  Th.  Schwann,  "  Microscopische  Untersuchungen  tlber  die  Uebereinstimmnng 
in  cTer  Strnctur  und  dem  Wachsthum  der  Thiere  und  Pflanzen."  Berlin,  1839. 
Fr.  Leydig,  "  Lehrbuch  der  Histologie  des  menschen  und  der  Thicrc."  Frank- 
furt a.M.  1857. 


Fig  17.— Different  forms  of  nuclei  (after 
R.  Hertwig).  a,  nucleus  from  a  cell 
of  a  Malpighian  tubule  of  a  caterpil- 
lar. J,  nucleus  of  a  Heliozoon  with 
a  cortical  layer  and  nucleolus  in  the 
nuclear  fluid.  e,  nucleus  from  the 
egg  of  a  Sea-urchin.  Nucleolus  im- 
bedded in  a  protoplasmic  fibrous  net- 
work surrounded  by  nuclear  fluid. 
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the  so-called  amoeboid  motion  ;  it  sends  out  processes,  draws  them 
in  again,  and  is  able  by  such  means  to  change  its  position.  This 
capacity  of  change  of  form  is  especially  possessed  by  young  undif- 
ferentiated cells,  which  have  not  developed  an  outer  membrane. 
Such  cells  in  their  later  growth  usually  develop  a  cell  membrane, 
which  accordingly  is  not,  as  was  formerly  supposed,  a  necessary 
constituent  of  the  cell,  but  is  merely  an  indication  that  the  cell 
has  undergone  a  certain  amount  of  differentiation  from  its  early 
indifferent  condition. 

It  has  been  already  pointed  out  that  the  fundamental  properties 
which  distinguish  the  life  of  organisms  manifest  themselves  also 
in  the  life  of  their  constituent  cells.  According  to  our  present 
knowledge,  cells  always  originate  from  pre-existing  cells ;  a  process  of 
free  cell  formation,  as  conceived  by  Schwann  and  Schleiden,  indicated 
by  the  precedent  origin  of  nuclei  in  a  formative  organic  material, 
has  never  been  proved. 

Such  a  process  may,  however,  take  place  when  the  formative 
matter  is  the  plasma  of  a  cell,  or  of  several  cells  fused  together 
(Plasmodium).  In  such  cases  we  have  a  process  of  free  cell,  forma- 
tion {e.g.,  spore  formation  in  Myxomycetes)  which  certainly  is  not 
clearly  marked  off  from  a  process  of  new  formation  within  the  mother 
cell,  and  is  to  be  looked  upon  as  a  modification  of  the  so-called 
endogenous  cell  formation.  This  leads  us  to  a  consideration  of  the 
very  widely  distributed  method  of  cell  increase  by  division.  "When 
the  cell  has  reached  a  certain  size  by  the  absorption  and  assimilation 
of  nutrient  matter,  the  protoplasm  separates  itself  into  two  nearly 
equal  portions,  this  process  being  usually  preceded  by  the  division  of 
the  nucleus.    Each  portion  receives  half  of  the  original  nucleus. 

During  its  division  the  nucleus  undergoes,  as  has  been  recently 
shown  in  many  instances,  peculiar  differentiations  and  changes  (fig, 
18).  It  becomes  spindle-shaped;  its  contents  take  on  the  form  of 
longitudinally  arranged  strise,  running  from  pole  to  pole  of  the 
spindle ;  the  centre  of  each  of  the  strise  becomes  thickened,  giving 
rise  to  a  cross  equatorial  zone  of  granular  matter,  the  nuclear  plate 
(thickened  zone).  The  central  thickenings  constituting  the  nuclear 
plate  divide.  Each  half  travels  towards  the  poles  of  the  spindle, 
and  becomes  there  enclosed  in  a  clear  fluid  mass,  which  appears  in 
the  protoplasm.  From  these  two  structures  the  new  nuclei  are 
formed  at  the  poles  of  the  now  dumb-bell  shaped  nuclear  spindle,  the 
strife  of  which  vanish  during  the  constriction  of  the  protoplasm, 
which  has  already  commenced  and  quickly  progresses.    The  division 
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is  completed  Avhen  the  young  nuclei,  proceeding  from  the  two  poles 
of  the  nuclear  spindle  and  the  surrounding  clear  protoplasm,  have 
attained  their  definite  size,  and  the  remains  of  the  fibres  have  been 
absorbed. 

During  these  processes  the  protoplasm  of  the  cell  has  gradually 
become  more  and  more  constricted  by  a  furrow  which  is  dn^ected 
transversely  to  the  long  axis  of  the  nuclear  spindle,  and  which  after 
the  completion  of  the  division  of  the  nucleus  brings  about  a  separa- 
tion of  the  cell  contents  into  two  masses— the  daughter  cells 
(fig.  18). 

If  the  products  of  the  division  are  unequal,  so  that  the  smaller 
portion  may  be  looked  upon  as  a  production  of  the  larger,  we  give 
the  name  "  hiMing  "  to  this  form  of  reproduction. 


18.— Processes  of  cell  division  in  ari  embryonic  blood  corpuscle  of  a  chick  (after 
Biitschli).   K,  nuclear  spindle.    Ep,  nuclear  plate  or  equatorial  tliickening. 

Finally,  the  term  endogenous  cell  formation  is  applied  to  that 
method  of  increase  in  which  the  cells  originate  within  the  mother- 
cell.  In  this  case  the  protoplasm  does  not  divide  by  a  progressive 
constriction  and  separation  into  two  or  more  parts,  btit  differentiates 
itself  round  the  newly  formed  nuclei,  with  which  the  original  nucleus 
may  persist. 

The  ovum  which  we  have  to  contemplate  as  the  starting-point  of 
the  development  of  the  organism  produces  by  these  various  methods 
of  cell  multiplication  the  material  of  cells  which  serves  for  the  for- 
mation of  the  tissues.  Groups  of  originally  indifferent  and  similar 
cells  break  up  and  assume  severally  a  changed  appearance.  The 
constituent  elements  undergo  various  differentiations,  and  from  them 
and  their  derivates  is  produced  a  definite  form  of  tissue,  endowed 
with  a  function  corresponding  to  the  pecuUarity  of  its  structure. 

The  separation  of  groups  of  different  cells  leading  to  the  establish- 
ment of  various  tissues  prepares  the  way  for  the  physiological 
division  of  labour  between  the  organs,  which,  like  the  tissues  compos- 
ing them,  can,  according  to  the  functions  which  they  perform,  be 
divided  into  organs  of  vegetative  life  and  organs  of  animal  life. 

The  former  have  to  do  with  the  nutrition  and  maintenance  of 
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the  body;  the  latter,  on  the  contrary,  serve  for  movement  and 
sensation,  functions  which  are  exclusively  the  property  of  animals 
(as  opposed  to  plants).  For  the  sake  of  clearness  we  will  divide  the 
vegetative  tissues  into  two  groups,— into  cells  and  cell-aggregates 
(epithelium),  and  into  tissues  of  connective  substance.  In  the 
tissues  of  animal  life  we' distinguish  muscular  and  nervous  tissues. 
This  classification  of  the  tissues  has  no  other  aim  than  to  facilitate 
a  general  review  of  the  different  forms  of  tissue,  and  to  render 
possible  a  criticism  of  their  relationships;  it  lays  no  claim  to  establish 
an  absolutely  sharp  line  between  the  various  groups. 

1.  CeUs  and  cell-aggregates.  Cells  may  either  be  free  and  isolated 
from  each  other,  floating"  in  a  fluid  medium,  or  they  may  be  placed 
near  one  another  forming  part  of  an  aggregation  of  cells  spread  out 
superficially.  To  the  former  belong  the  cells  of  the  blood,  chyle,  and 
lymph.  The  blood  of  invertebrates,  which  is  generally  colourless,  and 


Fig.  19.— Blood-corpuscles  (after  Ecker).  a,  colourless  blood  corpuscles  from  the  heart  of 
the  fresh- water  mussel  ( Anodonta) .  h,  from  the  caterpillar  of  Sphinx,  e,  red  corpuscles 
from  Proteus.  A,  from  the  smooth  adder,  d',  lymph  corpuscles  of  the  same,  e,  red 
corpuscles  of  the  frogf.  /,  of  the  pigeon,  f,  lymph  corpuscles  of  the  same,  g,  red 
blood  corpuscles  of  man. 

the  blood  of  vertebrates,  which  is  with  few  exceptions  red,  consists 
of  a  fluid  albuminous  plasma  containing  numerous  blood-corpuscles 
in  suspension.  These  corpuscles  are  in  invertebrates  irregular  often 
spindle-shaped  cells,  endowed  with  the  capacity  of  amoeboid  move- 
ment. In  the  blood  of  vertebrates,  in  addition  to  such  colourless 
amoeboid  corpuscles  there  are  found  red  corpuscles  (discovered  by 
Swammerdam  in  the  frog) ;  and  these  are  so  numerous  as  to  give 
the  blood  a  uniformly  red  appearance  to  the  unaided  eye.  Tliey  are 
thin  discs  with  an  oval,  nearly  elliptical  or  circular  (Mammalia 
Petromyzon)  contour,  with  nuclei  in  the  first  case,  and  without 
nuclei  in  the  second  (except  in  the  embryo)  (fig  19).    They  contain 
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the  red  colouring  matter  of  the  blood,  hcemoglohin,  which  plays  so 
important  a  part  in  respii-ation.  They  arise  in  all  probability  from 
the  colourless  corpuscles  which  are  always  far  less  numerous  in 
normal  blood.  The  colourless  corpuscles  are  genuine  cells  of  variable 
form,  and  have  the  power  of  amoeboid  motion  (migration  into  tissues, 
regeneration  of  tissues,  etc.) ;  they  come  from  the  lymphatic  glands,  in 
which  they  arise  as  lymph  corpviscles,  and  eventually  pass  with 
the  lymph  stream  into  the  blood.    The  ova  and  spermospores,  after 


Fic.  20.— Spermatozoa,  a,  cf  Medusa.  6,  of  a  Nematode,  c,  of  a  Crab,  tf,  of  Torpedo. 
e,  of  Salamander  (with  undulating  membrane).  /,  of  Frog,  g,  of  a  Monkey  (Cerco- 
pithecus). 

they  have  separated  from  the  epithelial  layer  in  the  wall  of  the  ovary 
and  testis,  as  well  as  the  spermatozoa  produced  from  the  spermospores, 
respectively  belong  to  the  category  of  free  cells.  The  form  and  size 
of  the  spermatozoa  present  great  variations.  They  always  consist  of 
ii  modified  cell,  frequently  of  a  very  small  cell  with  a  long  liagellum, 
nucleus,  and  remains  of  protoplasm.  In  many  cases  the  head  is 
elongated  into  a  fibre-like  sti'ucture,  or  is  twisted  like  a  corkscrew 
(Birds,  Selachians).  Sometimes  a  distinct  head  is  absent,  and  tlie 
spermatozoon  is  thread-like  (Insects).    In  the  Nematodes  the  sperm- 
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atozoon  is  hat-shaped ;  wliile  in  Crustacea  it  has  the  foi-m  of  a  cell, 
with  long  radiating  processes  (fig.  20). 

Ejnthelial  tissues  consist  of  aggregations  of  cells  which  as  simple 
or  stratified  layers  cover  the  external  and  internal  surfaces  of  the 
body,  and  which  line  its  closed  spaces  {Endothelium).  According  to 
the  different  shape  of  the  cells  composing  it,  we  distinguish  cylin- 
drical, ciliated,  and  pavement  epitheHum.  In  the  first  case  the  cells, 
in  consequence  of  the  elongation  of  the  long  axis,  are  cylindrical 
(fig.  21,  c) ;  in  the  second,  the  free  sm^face  of  the  cells  is  beset  with 
vibratite  cilia  or  flagella  (fig.  21,  d),  which  are  continuous  with  the 
living  protoplasm  of  the  cell.  If  only  one  flagelkim  projects  from 
the  cell  (sometimes  a  flat  cell  fig.  21,  b)  then  the  name  flagellate  cell 
is  applied  (collared  cell  of  sponges,  fig.  21,  e).  Finally,  in  the  case  of 
pavement  epithelium  (fig.  21,  a)  the  cells  are  flattened;  and  if  there 


Fig.  21. — Various  Irincls  of  epithelial  cells,  a,  Flat  cells,  h,  flat  cells  with  flagella  (from  a 
Medusa),  c,  cylindrical  cells,  d,  ciliated  cell,  e,  flagellate  cell  with  collar  (from 
sponge).  /,  cylindrical  cell  with  porous  border  (intestinal  epithelium). 


is  mcM-e  than  one  layer  the  superficial  cells  are  flat,  while  those  in 
the  deeper  layers  are  more  and  more  rounded. 

While  the  cells  of  the  lower  layers  retain  their  semi-fluid  character, 
and  are  occupied  in  continual  cell  di\dsion  and  gi-owth ;  those  of  the 
upper  layers  possess  a  firmer  consistency,  gradually  become  horny, 
and  are  thrown  ofii"  as  scales  or  continuous  flakes,  to  be  replaced  by 
the  continuous  growth  of  the  lower  layers.  Thick  stratified  layers 
of  cornified  cells,  almost  fused  with  one  another,  give  rise  to  indurated 
or  horny  structures  (nails,  claws,  hoofs),  which  may  form  a  more  or 
less  complete  coat  for  the  body  and  function  as  pi-otective  exoskeleton 
(fig.  21,  a  to/). 

There  are  also  cells  the  free  surface  of  which  is  distinguished  by  a 
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well-marked  thickening.  The  protoplasm  of  the  free  surface  of  such 
cells  becomes  hardened  so  as  to  give  rise  to  a  thick  superficial  border, 
perforated  at  right  angles  to  its  surface  by  a  number  of  fine  canals 
which  give  it  a  striated  ap- 
pearance (intestinal  epithe- 
lium, fig.  21,/,  epidermis  cells 
of  Peti-omyzon).  If  these 
thickened  borders  fuse  to- 
gether so  as  to  form  a  con- 
tinuous layei'  which  obtains 
a  certain  independence,  we 
obtain  cuticular  membi-anes, 
which,  according  to  their  ori- 
gin, may  be  homogeneous  or 
stratified  (fig.  22,  a,  b,  c),  and 


Fi&.  22.-0,  Cuticle  and  hypodermis  of  the  larva  of 
Coretlira.  b,  cuticle  and  hypodermis  of  a  Gastro- 
pacha  caterpillar,  with  two  poison  glands  beneath 
corresponding  bristles. 

may  exhibit  various  patterns  of  different 
kinds.  Yery  frequently  the  svirfaces 
of  the  individvial  cells  are  indicated  on 
the  cuticle  as  polygonal  figures  ;  and, 
in  addition  to  the  very  fine  pores, 
there  are  also  found  larger  passages  pro- 
duced by  out-gi'o-wth  from  the  cells. 
These  latter  lead  to  the  appearance  of 
various  cuticular  appendages,  such  as 
hairs,  bristles,  scales,  etc.,  which  are 
placed  on  the  cuticular  pores,  and  con- 
tain as  a  matrix  their  special  cell  or  a  process  of  it.  Cuticular 
membranes  may  obtain  a  very  considei^able  thickness,  and,  by  the 
deposition  of  calcareous  salts,  a  high  degree  of  fii'mness  (carapace  of 
Crustacea)  so  that  they  acquire  the  value  of  skeletal  tissues,  which, 


Fig.  22e.— Ck,  cuticle  with  bristles  in 
the  condition  of  ecdysis.  Cu', 
newly-formed  cuticle  (Branchipus). 
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however,  it  is  generally  difficult  to  distingnisli  from  certain  connective 
tissues. 

While  cuticular  structures  are  solid  secretions  which  are  of  use 
in  supporting  and  giving  a  definite  form  to  the  organism,  there  are, 
on  the  other  hand,  various  fluid  secretions  proceeding  from  cells 
which  give  rise  to  no  structures,  and  which  are  often  of  considerable 
importance  from  a  chemical  point  of  view.  In  this  case  the  epithe- 
lium becomes  glandular  tissue.  In  the  simple  cases  the  gland  is 
constituted  of  a  single  cell,  the  secretion  of  which  either  passes  out 
through  the  free  surface  of  the  membrane,  or  a  special  opening  in 


Fig.  24.— Gastric  glands,  a,  their  origin  as  in- 
vaginations of  the  epithelium,  b,  perfect  gas- 
tric glands. 


it  (fig.  23).  If  several  cells  enter 
into  the  formation  of  a  gland, 
they  are  arranged  in  the  simplest 
cases  round  a  central  cavity,  which 
receives  the  secretion.  The  gland 
then  has  the  form  of  a  sack  or 
blind  tube,  derived  from  an  inva- 
gination of  the  epithelium,  either  of 
the  inner  or  the  outer  surface  of  the  body,  into  the  subjacent  tissue. 

From  this  fundamental  form  the  larger  and  more  complicated 
glands  are  to  be  derived,  as  the  result  of  continued  regular  and 
irregular  outgrowth.  While  their  form  presents  great  variations, 
they  are  univer.-ally  characterised  by  the  transformation  of  tlieir 
terminal  portion  into  a  duct;  this  difterentiation  may  also  appear 
in  the  simple  glandular  tubes,  and  even  in  the  unicellular  glands 
(figs.  23,  24). 


Fig.  23.— Unicellular  glands,  a,  goblet 
cells  from  the  epithelium  of  the  small 
intestine  of  a  vertebrate,  i,  unicel- 
lular cutaneous  gland  of  Argulus 
with  long  duct,  c,  unicellular  ciita- 
neous  gland  of  insects  with  cuticular 
duct. 
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2.  The  tissues  of  the  connective  substance.  Under  this  term 
there  are  included  a  great  number  of  different  tissues  which  morpho- 
logically resemble  each  other  in  the  presence  of  a  greater  or  less 
amount  of  intercellular  substance,  intercalated  between  the  cells  (con- 
nective tissue  corpuscles).  They  connect  and  surround  other  tissues, 
and  serve  as  supporting  and  skeletal  sti'uctures.  The  intercellular 
substance  arises  from  the  cells  as  a  differentiation  of  the  peripheral 
part  of  their  protoplasm ;  it  cannot  accordingly  be  genetically  clearly 
distinguished  from  the  cell  membrane  and  its  differentiations,  which 
we  have  considered  in  connection  with  epithelial  tissue.  The  cell 
walls  already  produced  by  the  protoplasm  may  also  become  fused 
with  the  intercellular  substance,  and  so  contribute  to  its  increase. 
The  intercellular  substance  is  usually  secreted  by  the  whole  periphery 
of  the  cell,  and  presents  great  variations  both  in  its  morphological 
and  chemical  characters. 

When  the  amount  of  intercellular  substance  is  small,  the  tissue  is 
called  cellular  or  vesicular  connective  tissue.  This  form  is  found 
especially  in  medusae,  molluscs,  and 
worms,  and  to  a  less  extent  in  verte- 
brates (notochord,  fig.  25),  and  is  not 
sharply  marked  off  from  cartilaginous 
tissue.  Embryonic  connective  tissue, 
which  consists  of  closely  aggregated 
embryonic  cells,  evidently  closely  re- 
sembles it. 

2fucous  or  gelatinous  connective  tissue 
is  characterised  by  possessing  a  watery 
hyaline  and  gelatinous  matiix.  The 
condition  of  the  cells  in  each  case  is 
different.  Frequently  they  send  out 
delicate,  often  branched  processes 
which  anastomose  with  one  another 
and  form  a  network.  In  addition, 
however,  parts  of  the  intercellular 
substance  may  be  differentiated  into  bundles  of  fibres  (Wharton's 
gelatine  in  the  umbilical  cord).  Such  forms  of  tissue  are  found 
amongst  the  Invertebrata,  e.g.,  in  Heteropods  and  Medusfe,  whose 
gelatinous  disc,  in  consequence  of  the  reduction  or  complete  absence 
of  cells,  is  reduced  to  a  layer  of  soft  or  hardened  connective  tissue 
but  little  different  in  its  origin,  as  a  unilateral  cell  excretion,  from 
cuticular  structures  (Hydroid  Medusfe,  swimming  bells  of  Siphono- 


FiG.  25.— Vertebra  of  larva  of  a  toad 
(after  Gotte) .  Ch,  notochord  cells  ; 
ChS,  notochord  sheath  ;  Sk,  skele- 
logenous  tissue  ;  iV,  spinsil  cord. 
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phom).  The  so-called  secreted  tissue  of  young  Ctenophora,  and  the 
gelatinous  tissue  of  Medusfe  and  Echinoderm  larva^  into  which  cells 
eventually  migrate,  being  at  first  absent,  has  a  similar  relation 
(fig.  26). 


Fie.  26.— Gelatinous  tissue  of  Rhizostoma.   F,  fibrous  network ;  Z,  cells  with  processes ; 

Z',  the  same  in  division. 

Reticular  connective  tissue  consists  of  a  network  of  star-shaped 
and  branched  cells,  the  spaces  of  which  contain  another  kind  of 
tissue  element.  In  the  so-called  adenoid  tissue,  which  functions  as 
the  supporting  tissue  of  the  lymph  glands,  the  contents  of  the  inter- 

A  form  of  connective 
tissue  very  Avidely  scat- 
tered amongst  the  Ver- 
tebrates is  the  so-called 
fibrillar  connective  tissue 
(fig.  27).  This  consists 
of  a  large  propoi-tion 
of  spindle-shaped,  or 
also  branched  cells,  and 
of  a  f'Olid  intercellular 
substance,  totally  or  par- 
tially broken  up  into 
bundles  of  fibres,  which 
possesses  the  property  of 
yielding  gelatine  on  boiling.  If  the  protoplasm  of  the  cells  is  mostly 
or  entirely  used  up  in  the  formation  of  fibres,  fibrous  tissue  is  produced 
with  nuclei  in  the  position  of  the  original  cells.    Very  often  the 
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fibres  have  a  wavy  outline,  and  are  arranged  nearly  parallel  to  one 
another  (ligaments,  tendons).  In  other  cases  they  cross  one  another 
at  an  angle  in  different  du-ections  (dermis),  or  they  present  a  net-like 
arrangement  (mesentery).  Fat  tissue  consists  of  ordinary  connective 
tissue  in  which  the  cells  are  for  the  most  part  round  and  contain 
greater  or  smaller  fat  globules. 

^  If  the  normal  fibrill^  and  bundles  of  fibrillfe  be  treated  with  acids 
and  alkalies,  they  swell  up,  and  a  second  form  of  fibre,  which  resists 
these  re-agents,  comes  into  view.  These  are  the  elcistic  fibres  (fig.  28), 
so  called  because  they  preponderate  in 
tissue  which  is  especially  elastic.  They 
present  a  tendency  to  branch  and  to 
form  networks,  and  often  possess  great 
strength  (ligamentum  nuchce,  arterial 
wall).  They  may  also  be  spread  out  and 
connected  together  so  as  to  form  a  perfo- 
rated membrane  (fenestrated  membrane). 

Cartilage  is  another  form  of  connective 
tissue.  It  is  characterized  by  the  shape 
of  its  cells,  which  are  usually  spherical, 
and  its  firm  intercellular  substance.  The 
latter  contains  chondrin,  and  determines 
the  rigidity  of  the  tissue.  Externally, 
cai-tilage  is  covered  by  a  vascular  connective  tissue-coat,  known  as 
the  perichondrium.  When  the  intercellular  substance  is  very 
slightly  developed,  we  get  tissues  which  are  transitional  to  the  cell\ilar 
connective  tissue. 


Fig.  28.— Elastic  fitoes,  a; 
b,  network. 


Fig.  29.— a,  Hyaline  cartilage  with  cells,   b,  Fibro-cartilage. 

According  to  its  special  constitution,  three  kinds  of  cai'tilage  may 
be  distinguished,  viz.,  hyaline  (fig.  29,  a),  fibrous  (fig.  29,  b),  and 
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elastic  cartiliige  ;  the  latter  containing  a  network  of  elastic  filji'es. 
There  are  also  intermediate  forms,  approximating  to  the  filjrillar 
connective  tissue,  in  which  cartilage  cells  may  be  surrounded  by 
bundles  of  connective  tissue  fibres.  The  cells  are  placed  in  spaces, 
which  are  usually  round,  in  the  intercellular  substance,  and  are  sur- 
rounded by  firm  layers  which  are  separated  off  from  the  latter,  and 
have  the  appearance  of  capsules.  These  so-called  cartilage  capsules 
were  formerly  looked  upon  as  the  membranes  of  tlie  cartilage  cells, 
analogous  to  the  cellulose  capsules  of  plant  cells  ;  a  view  of  them 
wdiich  is  not  in  any  way  opposed  by  what  is  known  as  to  their 
development  as  secretions  of  the  protoplasm.  Nevertheless,  the 
capsules  stand  in  closer  relation  to  the  earUer  formed  intercellular 
substance  Avhich  has  been  produced  in  the  same  way,  in  that  they 
often  fuse  with  it.  The  growth  of  the  cartilage  is  accoi-dingly  in  the 
main  interstitial.    We  frequently  see  in  the  spaces  in  the  cai-tilage 

several  generations  of  cells 
surrounded  by  special  capsules 
placed  one  within  the  other. 
In  svTch  cases  the  secreted  cap- 
sules have  remained  separate 
from  the  intercellular  sub- 
stance. Certain  kinds  of  car- 
tilage, moreover,  have  spindle- 
shaped  cells,  and  sometimes 
the  cells  are  prolonged  into 
niunerous  radiating  processes. 
Calcareous  salts  may  also  be  deposited  in  the  intercellular  substance 
in  a  greater  or  less  quantity.  In  this  way  arises  the  so-called  in- 
crusted  cartilage,  or  the  cartilage  bone  (fig.  30),  which  in  the  sharks 
is  present  as  a  persistent  form  of  skeletal  tissue,  but  in  the  higher 
vertebrates  only  as  a  transitional  sti'uctiu-e.  Cartilage  owes  its  special 
usefulness  as  a  skeletal  tissue  to  its  rigidity.  It  is  sometimes  found  in 
the  Invertebrata  (Cephalopoda,  tubicolous  worms  such  as  Sabella, 
Coelenterata),  and  very  generally  in  the  Yertebrata,  whose  skeleton 
always  contains  a  certain  amou.nt  of  cartilage,  and  in  fishes  may  be 
exclusively  constituted  of  it  (cartilaginous  fishes). 

Osseous  tissue  possesses  a  still  higher  degree  of  rigidity.  The 
intercellulai-  substance  is  strengthened  and  hai-dened  by  the  deposi- 
tion of  carbonate  and  phosphate  of  lime,  while  the  ceUs  (the  so-called 
bone  coi'puscles^'  possess  numerous  fine  processes  Avhich  anastomose 
with  each  other  (fig.  31  a,  b,  c).    The  cells  occupy  spaces  in  the  com- 


FiG.  30.— lucrasted  cartilage,  or  cartilage  bone. 
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pact  intercellular  substance,  which  is  also  traversed  by  numerous 
canals,  known  as  Haversian  canals.  These  contain  the  nutritive 
blood-vessels  and  correspond  exactly 
in  their  course  and  branchings 
to  the  latter.  The  intercellular 
substance  consists  of  lamellje,  which 
are  arranged  concentrically  round 
the  canals.  The  Haversian  canals 
begin  on  the  surface  of  the  bone, 
-which  is  covered  by  a  vascular  and 
nervous  connective  tissue  layer, 
known  as  periosteum,  and  open 
into  larger  spaces  (marrow  spaces), 
which  in  the  long  bones  occupy 

the  axis   of   the  bone,  but   in    the    Fi&.  31".—Longitadinal  section  through  a 
,  .  1  lono;  bone  (after  Kolliker).    Q,  Haver- 

spongy  bones   have    an   irregular  si^^eanai. 
distribution. 

In  a  second  form  of  osseous  tissue  the  cells  themselves  remain  in 
the  outer  part  of  the  excreted  intercellular  substance,  and  only  their 


Fig.  31i.- Transverse  section  through  a  long  Fig.  31r;.—i:,  spaces  containing  the  bone 
bone  (after  Kolhker).  K,  bone  corpuscles  ;  corpuscles  and  their  processes— thej' 
G,  Haversian  canals ;  L,  lamellfe.  open  into  the  Haversian  canal,  Rc 

(after  Kolliker). 


numerous  processes,  which  run  parallel  to  one  anothei-  and  are  of 
gi'eat  length,  are  embedded  in  it.  The  intercellular  substance, 
which  is  hardened  by  the  deposition  of  calcareous  salts,  is  therefore 
traversed  by  a  great  number  of  fine  tubes.  It  is  deposited  on  one 
side  only  of  the  cells,  and  in  its  origin  recalls  the  hard  carapace 
of  the  Crustacea,  which  is  similarly  traversed  by  prolongations  of 
cells. 

This  kind  of  osseous  tissue,  traversed  by  fine  pai'allel  tubes,  is 
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found  in  osseous  fishes,  and  quite  universally  as  the  dentine  of 
teeth  (lig.  32). 

With  i-egard  to  its  development, 
bone  is  preceded  by  soft  connective 
tissue  or  by  cartilage.  In  the  first 
case,  it  develops  hy  the  transfor- 
mation of  the  connective  tissue 
cells  jinto  bone  corpusftles,  and  by 
the  hardening  of  the  intermediate 
tissue.  More  frequently  it  is  pre- 
ceded by  cartilage ;  and  this  holds  for 
a  great  part  of  the  vertebi-ate  skele- 
ton. Formerly  great  importance  was 
attached  to  this  difference  in  the  origin 


32.— Section  througli  the  root  of  a 
tooth  (after  KSlliker).  O,  cement ; 
J,  interglobular  spaces  ;  B,  dentine 
with  dentinal  tubes. 

of  bones ;  and  a  primary  was 


distinguished  from  a  second 


realitv   the   two  ^^-^^  section  of  ossifying  cartUage  (after 

Frey).  «,  Smaller  marrow  spaces  placed  in  the 
cartilage ;  h,  ditto,  with  cells  of  the  cartilage 
maiTow ;  c,  remains  of  the  calcified  cartilage ; 
d,  larger  marrow  spaces  ;  e,  osteoblasts. 


ary  method  of  bone  develop- 
ment. In 

processes  resemble  each  other 
closely.  For  in  the  latter 
case,  in  conjunction  with  a 
precedent  deposition  of  lime,  and  partial  destruction  or  reduction 
of  the  cartilage,  there  is  a  new  formation  of  a  soft  connective 
tissue-substance  (osteogenic  substance)  from  the  centre  outwards,  the 
cells  (osteoblasts)  of  which  give  rise  to  bone  coi-puscles,  and  the 
intermediate  tissue  becomes  the  hard  basis  of  bone  (fig.  33).  More- 
over^ cartilage  bones  grow  in  thickness  at  the  expense  of  the 


Fig.  34a. — Myoblasts  of  a  Medusa 
(Aurelia) . 
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periosteum,  the  connective  tissue  of  which  is  directly  transformed 

into  bony  substance. 

3.  Muscular  tissue.   We  ascribe  the  property  of  contractility  to  the 
protoplasm  itself  of  the  active  cell ;  but  we  observe  that,  even  in 
the  protoplasmic  body  substance  of  the  Infusoria,  a  striated  arrange- 
ment obtains  in  those  parts  in  which  the  contractile  function  especially 
resides.    By  a  similar  differentiation  of  the  protoplasm  certain  cells 
and  aggregations  of  cells  possess 
in   a  much  higher   degree  the 
power  of  contractility,  and  give 
rise  to   the    so-called  muscular 
tissue  which  serves  exclusively  for 
movement.     At  the  moment  of 
their  activity  these  cells  undergo 
a  change  of  shape  ;  they  become 
shorter  and  broader  than  when  at  rest. 

In  many  Ccelenterata,  cells  are  found  in  which  a  part  only  oi  the 
cell  is  developed  into  a  contractile  fibre.    It  is  the  deeper  parts  of 

such  cells  which  give  rise  to 
delicate  muscular  fibres  or  net- 
works of  fibres,  while  the 
superficially  placed  body  of 
the  cell  (myoblast),  the  part 
which  pi-oduces  the  above, 
performs  other  functions,  and 
usually  bears  a  cilium.  In 
consequence  of  their  epithelial- 
like  arrangement,  the  myo- 
blasts receive  the  name  of 
muscle-epithelium  (fig.  34  a, 
b).  In  their  further  develop- 
ment the  greatest  part  of  the 
cell  protoplasm  appears  to 
give  rise  to  contractile  muscle- 
substance  ;  and  sometimes  the  whole  cell  becomes  elongated  into  a 
muscle  fibre. 

Two  kinds  of  muscles,  which  ai'e  morphologically  and  physiologically 
different,  are  to  be  distinguished,  viz.,  the  smooth  muscles,  or  con- 
tractile fibre-cells ;  and  the  c^'oss-strijjed  muscle-substance, 

*  These  cells  have  been  called  neuro-muscular  cells  ;  a  misleading  term,  since 
it  cannot  be  shown  that  they  have  had  anything  to  do  with  the  origin  of 
ganglion  cells. 


Pig.  34J. 


-Muscle-epithelium  of  a  Medusa 
(Aurelia). 
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In  the  first  case  we  have  to  do  witli  flat,  .spindle-shaped,  oi-  band- 
shaped  elongated  cells,  and  with  layers  of  such  cells.  They  react 
slowly  to  nervous  stinudi :  they  enter  the  condition  of  contraction 
gradually,  and  remain  contracted  for  some  time.  The  contractile 
substance  appears  for  the  most  part  to  be  homogeneous,  but  it  is 
sometimes  longitudinally  striated.    The  smooth  muscles  have  the 

widest  distriljution  amongst  the 
Invertebrata ;  but  they  are  also 
found  in  vertebrates,  in  the  walls 
of  numerous  organs  (vessels,  ducts 
of  glands,  intestinal  wall)  (fig.  35). 

Cross-sti-iped  muscle  consists 
of  cells,  more  frequently  of  multi- 
nucleated so-called  primitive  bun- 
dles. It  is  characterised  by  the 
partial  or  complete  transforma- 
tion of  its  protoplasm  into  a  cross- 


a 


Fig.  35.— a,  smooth  muscle  fibres  isolated,  h, 
piece  of  an  artery  (after  FrejO, ;  1,  outer 
connective  tissue  layer;  2,  the  middle  Jriyer 
formed  of  smooth  muscle  flhres ;  3,  non-nu- 
cleated inner  layer. 


Fig.  36. — a,  Primitive  fibre,  i.cross-striped 
muscle  fibre  (primitive  muscle  bundle) 
of  Lacertii  with  nerve  termination. 


striped  substance,  consisting  of 
special  doubly  I'efracting  elements 
(sarcous  elements)  connected  to- 
gether by  a  simply  refracting  inter- 
mediate substance  (fig.  36,  a,  h). 
Physiologically,  this  form  of  mus- 
cular tissue  is  characterised  by  the  energetic  and  considerable 
contraction  which  immediately  follows  its  excitation,  a  projjerty 
which  renders  it  especially  suitable  for  the  carrying  out  of  powerfid 
movements  (muscles  of  vertebrate  skeleton). 

In  the  simplest  cases  the  cross-striped  fibrillar  are  produced  by  the 
deeper  parts  of  the  myoblasts,  which  form  a  continuous  flat  siu-face 
epithelium  (muscle  epithelium)  above  the  layer  of  delicate  fibres 
(Medusre  and  Siphonophora)  (fig.  34  h).    In  the  higher  animals  they 
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arise  from  the  transformation  of  a  greater  quantity  of  protoplasm, 
and  almost  the  whole  contents  of  the  cell  are  concerned  in  their 
production.    Rarely  the  cells  remain  single,  and  never  acquire  more 
than  one  nucleus,  so  that  the  muscle  is  composed  of  only  a  single  cell 
(eye  muscles  of  Daphna).    Sometimes  the  cells  become  elongated 
into  long  fibres,  the  primitive  bundles ;  the  nuclei  at  the  same  time 
increase  in  number,  and  a  membrane,  the  sarcolemma,  becomes 
developed  on  the  outer  surface  of  each  fibre.     More  frequently, 
however,  the  primitive  bundles  arise  by  the  fusion  of  several  cells 
placed  in  a  row.    Either  the  nuclei  come  to  lie  close  to  the  sarco- 
lemma in  a  peripherally-placed  layer,  of  finely  granular  protoplasm, 
or  they  are  arranged  in  a  row  in  the  axis  of  the  fibre  in  some  finely 
granular  non- contractile  protoplasm.    The  finer  and  coarser  muscular 
bundles  are  composed  of  many  primitive  bundles  (fibres)  placed  close 
together  and  held  together  by  connective  tissue.    The  fibrillation  of 
the  muscular  bundles  corresponds  to  the  direction  of  the  primitive 
bundles  (muscles  of  Vertebi-ata).    Finally,  both  the  simple  cells,  and 
the  multi-nucleated  muscles  which  arise  from  them,  may  be  branched 
(heart  of  Yertebrata,  intestine  of  Arthropods,  etc). 

4.  Nervous  tissue.  As  a  rule,  nervous  tissue  is  found  with  mus- 
cular tissue,  and  is  the  means  by  which  stimuli  are  conveyed  to  the 
latter;  but  above  all,  it  is  the  seat  of  sensation  and  the  wiU.  With 
regard  to  this  important  function  it  would  appear  probable  that  in 
phylogeny  the  elements  of  nervous  tissue  have  not  arisen  in  con- 
nection with  muscular  tissue,  but  in  connection  with  the  sense 
cells  found  in  the  skin,  i.e.,  differentiated  Ectoderm  cells,  and  that 
then,  still  remaining  connected  with  the  sense-cells,  they  have 
travelled  inwards  into  the  subjacent  tissue  ;  while  the  connection 
with  the  muscle-cells,  which  at  first  possessed  an  independent 
u-ritability,  is  only  secondary. 

Nerve-tissue  contains  two  distinct  structural  elements,  nei-ve  cells 
or  ganglion  cells,  and  nerve  fibres ;  both  possess  a  distinct  minute 
structure  and  molecular  arrangement,  as  well  as  chemical  compo- 
sition. 

The  ganglion  cells  act  as  centres  for  nerve-stimuli,  and  are  found 
especially  in  the  central  organs  which  are  known  as  brain,  spinal 
cord,  or  simply  ganglia.  They  usually  possess  a  finely  granular 
contents,  with  a  large  nucleus  and  nucleolus  and  one  or  more  pro- 
cesses (unipolar,  bipolar,  multipolar,  ganglion  cells),  one  of  which 
is  the  root  of  a  nerve  fibre  (fig,  37,  a,  h). 

Frequently  the  ganglion  cells  are  enclosed  in  connective  tissue 
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sheaths,  which  are  prolonged  over  their  processes  and  so  over  the 
nerve  libres.  Very  generally  several  ganglion  cellf.  are  enclosed 
in  a  common  sheath. 

Nerve  fibres  are  either  centrifugal,  i.e.,  they  carry  nervous  impulses 
from  the  central  organ  to  the  peripheral  organs  (motor,  secretory 

nerves) ;  or  they  are  centripe- 
tal, i.e.,  they  carry  them  from 
the  periphery  to  the  central 
organs  (sensoiy  nerves).  They 
are  prolongations  of  ganglion 
cells,  and,  like  them,  are  fi-e- 


FiG.  38.— Nerve  fibres  (partly  after  M. 
Scliiiltze).  a,  uon-medullated  sympa- 
thetic fibre,  h,  medullated  fibres,  one 
of  tliem  commencing  with  coag:ulation 
of  the  axis  cylinder.  «,  medullated 
nerve  fibre  with  the  sheath  of 
Schwann. 


Fig.  37. — a  bipolar  ganglion  cell,  h,  nerve  cell, 
from  the  human  spinal  cord  (anterior  comu) , 
(after  Gerlach) .    P,  pigment  body. 

quently  enclosed  in  a  nucleated  sheath. 
The  larger  and  smaller  nerves  are 
composed  of  a  number  of  such  fibres 
bound  together.  According  to  the 
minute  structure  of  the  nervous  sub- 
stance we  distinguish  two  kinds  of 
nerve  fibres— (1)  the  so-called  medullated  nerves,  with  a  double 
contoui^;  (2)  the  non-medullated  or  naked  axis  cylinders  (fig. 
38,  a,  b,  c). 

The  former  are  distinguished  by  the  fact  that,  on  the  death  of 
the  nerve  and  as  the  lesult  of  coagulation,  a  strongly  refractile 
fatty  substance  which  forms  a  sheath  for  the  nerve  fibre  comes  into 
view.  This  sheath  is  known  as  the  medullary  sheath,  and  the 
central  fibre  as  the  axis  cylinder.  The  medullary  sheath  disappears 
near  the  ganglion  cell,  the  axis  cylinder  only  entering  the  protoplasm 
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of  the  latter.  They  possess  in  addition  can  outer  sheath,  known  as 
the  sheath  of  Schwann  (cerebro-spinal  nerves  of  most  vertebrates). 

In  the  second  form,  i.e.,  in  the  non-mediillated  nerve  fibres,  the  me- 
dullary sheath  is  absent,  the  axis  cylinder  being  either  naked  or  sur- 
rounded by  a  connective  tissue  sheath.  The  axis  cylinder  here  also 
is  connected  with  a  ganglion  cell  (sympathetic  nerves,  nerves  of 
Cyclostomata  and  Invertebrates).  Yery  often,  however,  and  this  is 
especially  the  case  with  sense  nerves,  we  find  that  the  axis  cylinder 
may  break  up  into  very  fine  nerve  fibrillte,  and  be,  so  to  speak, 
resolved  into  its  elements. 

Finally,  the  nerves  of  In- 
vei-tebrates  very  often  appeal- 
as  finely  striated  bundles  of 
fibrillse,'  in  which,  on  account 
of  the  absence  of  a  sheath,  it 
is  not  possible  to  recognise 
the  limits  of  the  individual 
axis  cylinders. 

Peripherally  the  sensory 
nerves  become  connected  with 
accessory  structures  (end-or- 
gans), derived  usually  from 
epithelial  cells  and  their  cuti- 
cular  products,  or  rarely  from 
connective  tissue  substance 
(Tactile  organs).  The  end- 
organs  are  therefore  for  the 
most  part  derived  from  modi- 
fied epithelial  cells  (sensory 
epithelium).  Ganglion  cells 
are  frequently  found  inserted 
in  the  course  of  the  nerve 
fibres  close  to  their  termination 
(fig.  39,  a,  I),  c.) 


Fio.  39. — Rod-shaperl  sense  cells  from,  the  olfac- 
tory organ  (after  Max  Schultze).  a,  from  the 
frog-;  Sz,  sup])orting  cell  between  two  ciliated  ■ 
rod-cells,  b,  from  man.  c,  from  pike.  Pro- 
hahle  connection  between  the  nerve  flbrillse 
and  the  sense  cells. 


INCREASE    IN   SIZE   AND    PROG'RESSIVE    DIFFERENTIATION,    DIVISION  .OF 

LABOUR  AND  PERFECTION. 

The  lowest  organisms  possess  neither  tissues  nor  organs  formed 
from  cells.  The  whole  organism  consists  of  a  single  cell.  The  body 
of  such  an  animal  is  composed  of  protoplasm,  and  its  skin  of  the 
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cell  membrane.  The  latter  is  often  without  an  opening  for  the 
entrance  of  solid  bodies ;  the  entrance  of  food  being  entirely  effected 
by  endosmosis.  In  such  cases,  e.</.,  in  the  Gregarines  and  paiusitic 
Opalines,  the  outer  body-wall  suffices,  like  the  membrane  of  the  cell, 
for  the  performance  of  such  vegetative  functions  as  the  absoi-ption 
of  food  and  the  removal  of  the  excretory  products.  The  protoplasm 
(Sarcode)  constitutes  the  body  parenchyma,  and  is  the  seat  of  the 
animal  and  vegetative  vital  activities. 

Accordingly  there  results  a  definite  connection  between  the 
functions  of  the  periphei-al  layer  and  of  the  included  mass,  in  which 
the  processes  of  animal  and  vegetative  life  are  carried  on.  This 
connection  pre-supposes  a  definite  relation  between  the  superficial 
area  of  the  svirface  and  the  size  of  the  mass,  and  this  relation  changes 
as  growth  pi-oceeds.  For  while  the  surface  increases  by  squares,  the 
mass  increases  by  cubes ;  while  the  mass  increases  in  three  dimensions, 
the  surface  only  increases  in  two,  and  therefore  as  growth  proceeds 
the  relation  changes  to  the  disadvantage  of  the  latter.  In  other 
words,  with  increase  of  size  the  superficial  area  becomes  relatively 
smaller.  Finally  it  becomes  relatively  so  small  that  the  vegetative 
processes  cannot  be  carried  on,  and  it  is  necessary  for  the  mainte- 
nance of  life  that  for  a  given  energy  of  life  it  should  be  increased 
by  the  production  of  new  surfaces. 

This  holds  not  only  for  the  simple  unicellular  organisms,  which 
resemble  cells  in  their  nutritive  processes,  but  also  for  cells  them- 
selves whose  size  never  exceeds  certain  fixed  limits.  Further,  as 
the  organism  increases  in  size,  not  only  does  it  divide  into  several 
cells,  but  these  cells  arrange  themselves  in  svich  a  way  as  to  give 
the  largest  possible  extent  of  surface.  The  cellular  organism  accord- 
ingly acquires  not  only  an  outer  but  also  an  inner  surface  on  which 
the  cells  are  arranged  in  a  regular  layer.  With  the  appearance  of 
an  inner  surface,  a  division  of  labour  is  established.  The  outer  layer 
carries  on  the  anim.d  functions  and  such  vegetative  processes  as 
those  of  respiration  and  excretion,  while  the  iomei-  {digestive  cavity) 
serves  for  the  recejjtion  and  digestion  of food. 

We  thus  not  only  see  that  increase  in  size  must  be  accompanied 
by  an  increase  in  the  complexity  of  organization,  but  also  bring  out 
at  the  same  time  the  essential  characteristics  of  animal  organization. 

The  numerous  cells  developed  from  the  original  simple  organism 
were  at  first  equivalent  to  one  another,  and  all  endeavoured  to  take  up 
aperipheral  position  (colonies  of  Protozoa—  Fo^mr— Blastospha?re)  (fig. 
40,  a,  h.)    Then,  in  consequence  of  the  needs  of  the  growing  organism, 
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it  became  necessary  that  they  should  be  divided,  so  as  to  bound  two 
surfaces,  into  an  external  and  an  internal  layer;  the  one  forming 
the  outer  wall  of  the  body  and  known  as  ectoderm,  and  the  other 
lining  the  central  cavity  (digestive 
cavity)  known  as  endoderm;  these 
two  layers  being  continuous  with 
one  another  at  the  opening  of  the 
central  digestive  cavity,  or  mouth 
opening  (fig.  40  c).  The  cells  of 
the  two  layers,  in  correspondence 
with  the  difference  in  their  function, 
possess  a  different  structure.  Those 
of  the  outer  layer,  which  carry  on 
the  animal  functions,  are  usually 
cylindrical  ciliated  cells  containing 
a  pale  albuminous  substance ;  those 
of  the  inner  layer  are  more  rounded 
and  of  a  darkly  granular  aspect ; 
they  may  also  bear  cilia  for  the 
movement  of  the  contents  of  the 
cavity  which  they  line.  In  actual 
fact  we  find  this  form,  which  from 
a  physiological  standpoint  is  the 
simplest  organism  with  cellular  dif- 
ferentiation that  we  can  conceive 
of,  realised  in  the  two-layered  "  gas- 
trula,"  which  appears  in  the  de- 
velopment of  almost  all  groups  of 
the  animal  kingdom  as  a  free- 
swimming  larva,  and  to  which  the 
adult  sexually  mature  Coelenterate 
closely  approximates. 

As  the  organism  increases  in 
size,  additional  compHcations  ensue. 
These  result  partly  from  a  still  fur- 
ther increase  of  surface  brought 
about  by  secondary  invaginations 
and  partly  from  the  appearance  of 
some  intermediate  tissue  placed  be- 
tween the  two  primary  layers.  The  secondary  invaginations  perform 
special  functions  and  give  rise  to  glands;  while  the  intermediate 


Fig.  40. — a,  Cell  colony  of  young'  Volvox 
Glohator  (after  Stein),  h,  Blastospherc 
stage  of  an  Acalepha  larva  {Aurelia 
Aurita).  c,  Gastrula  stage  of  b;  JEc, 
Ectoderm;  Sn,  Eudoderin;  o,  Blasto 
pore  (mouth  of  Gastrula). 


50     ORQANIZATION  AND  DEVELOPMENT  OP  ANIMALS  IN  OENEEAL. 


tissue,  developed  from  one  or  both  of  tlie  primary  layers,  primitively 
serves  as  a  support  for  the  body  and  forms  the  skeleton ;  and  it  also 
gives  rise  to  muscles  which  increase  the  organism's  power  of  move- 
ment and  apply  themselves,  on  the  one  hand,  to  the  ectoderm 
(somatic  muscles),  and  on  the  other,  to  the  endoderm  (splanchnic 
muscles).  Between  the  primary  layers  of  the  body  there  is  primi- 
tively present  a  space,  the  primary  body  cavity.*  Subsequently  a 
second  space,  developed  as  a  split  in  the  intermediate  tissue  may 
appear,  giving  rise  to  the  secondary  body  cavity.t  From  the  latter 
the  vascular  system  is  developed. 

Contemporaneously  with  the  appearance  of  muscles  a  nervous 
system  is  usually  differentiated  from  modified  cells  of  the  outer  layer. 
Outgrowths  from  the  body  also  are  developed,  which  may  have  either 
a  radiate  or  a  bilateral  arrangement.  They  take  the  form  either  of 
organs  of  nutrition  (gills)  originating  from  the  need  for  an  increase  of 
surface,  or  of  organs  of  prehension  and  movement  (tentacles,  limbs). 

The  increasing  complexity  of  organization  depends,  therefore,  not 
only  upon  the  extension  of  the  surfaces  endowed  with  vegetative 
functions,  and  on  the  appearance  of  the  organs  of  animal. life,  but 
also  on  a  progressing  process  of  division  of  labour ;  which  results  in 
a  clearer  and  more  definite  localization  of  the  various  functions, 
necessary  for  the  maintenance  of  life,  in  special  organs.  The  greater 
this  specialization  the  more  completely  will  each  organ  be  able  to 
discharge  its  special  functions,  and  supposing  a  proper  co-ordination 
between  the  working  of  all  the  organs,  a  great  advantage  accrues 
to  the  organism,  which  is  thereby  rendered  capable  of  a  higher  and 
more  complete  life.  Therefore  we  find,  as  a  general  rule,  that  the 
larger  the  body  and  the  more  complex  the  organization,  the  higher 
and  more  perfect  is  the  life.  In  this  relation,  however,  the  form  and 
arrangement  of  the  organs  which  characterize  the  various  groups 
(types),  as  well  as  the  special  conditions  of  life  which  are  limited  by 
them,  must  be  taken  into  account  as  compensating  factors. 

CORRELATION  AND  CONNECTION  OF  ORGANS. 

The  organs  of  the  animal  body  stand  in  a  mutually  limiting  rela- 
tion to  one  another,  not  only  in  their  form,  size,  and  position,  but 
also  in  their  actions;  for  since  the  existence  of  an  organism  depends 
upon  the  blending  of  the  individual  performances  of  all  its  organs 
to  a  united  manifestation,  the  various  parts  and  organs  must  all,  m 

*  Usually  known  as  segmentation  cavity.— Ed. 

t  Usually  known  as  "  body  carity,"  or  "  coelom.  —En. 


DOOTKINE  OE  riNAL  CAUSES. 


61 


a  definite  and  regular  manner,  be  adjusted  and  subordinated  to  one 
another.  This  relation  of  dependence,  necessarily  resulting  frona  the 
conception  of  the  organism,  has  been  very  suitably  termed  "  Corre- 
lation "  of  organs ;  and  many  years  ago  served  for  the  establishment 
of  several  principles,  the  cautious  application  of  which  has  been  of 
great  service  to  the  comparative  method. 

Each  organ,  in  order  that  it  may  properly  discharge  the  functions 
Avliich  are  requisite  for  the  maintenance  of  the  entire  machine,  must 
comprise  a  certain  number  of  working  units,  and  conseqiiently  must 
have  a  certain  size  and  possess  a  form  dependent  partly  on  its  func- 
tions and  partly  on  its  relation  with  other  organs.  If  an  organ 
becomes  abnormally  enlarged  it  increases  at  the  expense  of  the  sur- 
rounding organs,  and  the  form,  size,  and  function  of  the  latter 
become  injuriously  modified.  It,  in  fact,  led  Geoffroy  St.  Hilaire  to 
enunciate  the  "  principe  du  halancement  cles  or  gams" — a  principle 
which  was  not  at  first  generally  accepted,  but  which  ena,bled  that 
investigator  to  establish  the  doctrine  of  "  Abnormalites  "  (Teratology). 

The  organs  which  are  physiologically  similar,  i.e.,  organs  which  per- 
form in-  general  the  same  function,  as,  for  insfcance,  the  teeth  or  the 
alimentary  canal  or  the  organs  of  movement,  undergo  great  and 
various  modifications;  and  the  particular  methods  of  nutrition  and 
habits  of  life,  as  well  as  the  external  conditions  which  must  be  fulr 
filled  if  the  life  of  any  particular  genus  is  to  continue,  depend  u.pon 
the  special  arrangement  and  action  of  the  individual  organs.  Giver; 
therefore  the  special  form  and  arrangement  of  a  particular  organ  or 
part  of  an  organ,  it  is  possible  to  arrive  at  conclusions  concerning 
the  special  structure,  not  only  of  many  other  organs,  but  even  of 
the  entire  organism,  and  to  reconstruct  to  a  certain  extent  the  whole 
animal  so  far  as  its  essential  features  are  concerned.  This  was  firsb 
done  by  Cuvier  for  many  extinct  Mammalia,  with  the  aid  of  scanty 
fragments  of  fossil  bones  and  teeth,  in  a  masterly  manner. 

If  we  regard  the  life  of  the  animal  and  its  maintenance,  not  as  the 
result,  but  as  the  end  sought,  as  the  aim  of  all  the  special  arrange- 
ments and  actions  of  the  individual  organs  and  parts,  we  are  led  to 
priTicipe  des  causes  finales"  {des  conditions  d' existence)  of  Cuvier, 
and  consequently  to  the  so-called  teleological  doctrine  by  which  we 
certainly  do  not  attain  to  a  mechanico-physical  explanation.  However 
that  may  be,  this  theory,  if  it  be  regarded  merely  as  an  expression 
of  the  reciprocal  relations  which  necessarily  exist  between  the  form 
and  function  of  the  parts  and  of  the  whole,  and  not  in  the  Ouvierian 
sense  as  implying  the  existence  of  design,  renders  important  and 
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indispensable  service  to  the  unr]ei\standing  of  tlie  complicated  corre- 
lations and  the  harmonious  adjustments  in  the  organic  world. 

The  same  plan  of  structure  and  arrangement  of  the  organs  is  not 
found,  as  Geoffroy  St.  Hilaire  asserted  in  his  theory  of  analogies, 
in  the  whole  animal  kingdom  ;  but,  on  the  contrary,  there  are,  as 
Cuvier  stated,  several  plans  of  organization  or  types.  The  terixj 
"Type"  was  applied  by  Cuvier  to  the  chief,  i.e.,  the  most  compre- 
hensive and  general  divisions  of  his  system ;  and  each  type  was 
distinguished  by  the  sum  of  the  characters  of  its  form  and  sti-ucture. 
In  the  essential  characteristics  of  their  structure,  the  higher  and 
lower  members  of  the  same  type  agree,  while  in  the  unimportant 
details  they  present  the  most  marked  differences.  The  different 
types  themselves  do  not  represent  absolutely  isolated  groups,  nor 
groups  which  are  exactly  equivalent  to  one  another,  but  in  a  greater 
or  less  degree  they  are  related  to  one  another ;  this  is  evident  after 
an  examination  of  the  lower  forms  and  a  careful  comparison  of  the 
developmental  histories. 

To  morphology  belongs  the  task  of  pointing  out  the  identity  of  plan 
under  the  most  diversS  conditions  of  organization  and  habits,  of  life, 
not  only  among  animals  of  the  same  group  but  also  between  those  of 
different  groups.    This  science  has  for  its  object  the  determination 
of  homologies,  as  opposed  to  analogies  which  concern  the  similarity 
of  function,  i.e.,  the  physiological  equivalence  of  organs  found  in 
different  groups,  e.g.,  the  wing  of  a  bird  and  that  of  a  butterfly.  That 
is  to  say,  it  has  to  trace  back  to  the  same  primitive  structure  parts 
of  organisms  belonging  to  the  same  or  different  groups,  which  with 
a  different  structure  and  under  deviating  conditions  of  life  discharge 
different  functions as,  for  example,  the  wing  of  a  bird  and  the 
fore-limb   of   a   mammal;   and  so  to   show  their  morphological 
equivalence.    In  the  same  way  the  organs  of  similar  structure  which 
are  repeated  in  the  body  of  the  same  animal,  e.g.,  the  fore  and  hind 
limbs,  are  designated  as  homologous. 

THE  STRUCTURE  AND  FUNCTION  OF  THE  COMPOUND  ORGANS. 

The  vegetative  organs  comprise  the  organs  of  nourishment  which 
are  necessarv  for  all  living  organisms,  whether  animal  or  vegetable. 

In  the  former,  however,  they  gradually  and  in  the  most  intimate 
connection  with  the  progressive  development  of  the  animal  functions, 
attain  a  higher  and  more  complicated  structure.  In  animals,  the 
reception  of  food  is  followed  by  its  digestion.  The  substances  to  be 
assimilated,  which  have  been  made  soluble  by  digestion,  enter  a 
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nutrient  fluid  (blood)  wliich  permeates  the  body,  and  is  carried  in 
more  or  less  definite  tracts  to  all  the  organs.  To  the  .  latter  the 
blood  yields  its  ingredients,  and  receives  from  them  such  decom- 
position products  as  have  become  useless,  and  carries  them  away  to 
be  excreted  in  definite  organs.  The  organs  which  serve  for  the 
performance  of  the  different  functions  of  nutrition  and  excretion 


Fig.  41.— Rotalia  veneta  (after  M.  Sclmltzo)  witli  a  diatom  caught  in  the  pseudopodial 

network. 

consist  of  the  apparatus  for  the  7'eception  of  food  and  for  its  diges- 
tion, and  for  blood  formation ;  and  of  the  organs  of  circulation, 
respiration,  and  of  excretion. 

Digestive  organs.  Even  animals  which  have  only  the  value  of  a 
single  cell  (Protozoa)  swallow  solid  particles  of  food.    This  is  effected 
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in  the  simplest  cases,  as  in  the  Amoebae  and  Rhizopoda,  by  prolon- 
gations of  the  sarcode  (pseudopodia)  surrounding  the  foreign  body 
(fig.  41).  In  the  Infusoria,  which  are  covered  by  a  firm  cuticle, 
there  is  a  central  semi-fluid  mass  of  sarcode  (endoplasm),  which  is 
distinct  from  the  more  compact  peripheral  layer  of  sarcode  (ecto- 
plasm), and  which  receives  the  nutrient  substances  through  the 
mouth  and  digests  them. 
Rows  of  larger  cilia  are 
pre&ent,  which  i-rerve  the 
purpose  of  procuring  food 
(adoral  ciliated  zone  of  the 
Ciliata)  (fig.  42). 


Fig.  42. — Stj'lonychia  mytiliis 
(after  Stein)  viewed  from  tlio 
ventral  surface ;  Hz,  adoral 
zone  of  cilia;  C,  contractile 
vacuole;  iV, nucleus;  iV'.nucle- 
ohis  (paranucleus);  A,  anus. 


Fig.  43. — Longitudinal  section  through  the 
body  of  an  Anthozooid  (Octactinia). 
Jf,  stomachic  tube  with  the  mouth  open- 
ing in  the  centre  of  the  feather-like  tenta- 
cles ;  Mf,  mesenteric  folds ;  G,  genital 
organs. 


Among  the  animals  with  cellular  differentiation  (Metazoa),  the 
internal  cavity  of  the  body  in  the  Ccelenterata  (morijhologically 
identical  with  the  alimentary  cavity  and  not  with  the  body  cavity 
of  other  animals)  functions  as  a  digestive  cavity,  and  its  periphei-al 
radially  arranged  portions  as  a  system  of  vascular  canals  (gastro- 
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vascular  canals).  In  the  larger  Polyps  (Anthozoa)  a  tube  derived 
from  an  invagination  of  the  oral  disc  projects  into  the  central  part 
of  the  digestive  cavity.  This  is  known  as  the  stomach  of  the  polyp, 
.although  It  serves  entirely  for  the  introduction  of  food,  and  should 
be  called  rather  the  buccal  or  oesophageal  twhe  (fig.  43). 

Organs  for  the  prehension  of  food  are  found  even  with  this  simple 
digestive  system.  For  near  the  mouth  are  placed  radially  or  bilate- 
rally arranged  appendages  or  processes  of  the  body,  which  set  up 


Pig.  4,4.— Aurelia  aurita  seen  from  the  oral  surface.  MA,  the  foui-  oral  tentacles  with  the 
mouth  in  the  centre ;  Gk,  genital  folds ;  GH,  opening  of  the  genital  pouches  ;  lilc,  mar- 
ginal bodies ;  HG,  radial  canals  ;  T,  tentacles  at  the  margin  of  tbo  disc. 

currents  to  convey  small  particles  of  food,  or  as  tentacles  seize  foreign 
bodies  and  convey  them  to  the  movith  (Polyps,  Medusae)  (fig.  44). 

Such  appendages  serving  for  the  capture  of  prey  may  also  be 
placed  further  from  the  mouth  (tentacles  of  Medusf«,  Siphonophora, 
Ctenophora). 

When  the  digestive  cavity  acquires  a  wall  distinct  from  the  body 
wall,  and  usually  separated  from  the  latter  by  the  body  cavity  (ex- 
cepting the  parenchymatous  worms),  it  appears  in  the  simplest  cases 
as  a  blind  tube,  which  may  be  either  simple,  bifurcated,  or  branched 
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(fig.  45),  with  sliarply  marked  off  pharyngeal  structures  (Trematoda, 
Turbellaria),  or  as  a  tube  communicating  with  the  exterior  by  an 
anus  (fig.  46). 

In  the  last  case  it  becomes  divided  so  as  to  lead  to  the  distinction 
of  three  parts— (1)  of  the  fore-gut  (oisophagus)  for  the  reception 
of  the  food,  (2)  of  the  mid-gut  for  the  digestion  of  the  food,  and 
(3)  of  the  hind-gut  for  the  expulsion  of  the  undigested  remains  of 
the  food.  Sometimes  the  alimentary  canal  aborts ;  and,  as  in  the 
mouthless  Protozoa  (Opalina),  the  mouth  opening  may  be  absent 

(Acanthocephala, 
Cestoda,  Rhizoce- 
phala). 

In  the  higher 
animals,  usually,  not 
only  is  the  number 
of  the  divisions 
greater,  but  their 
shape  and  structure 
becomes  more  com- 
plicated. The  organs 
for  the  seizure  of  food 
also  become  more 
complicated,  and  the 
appendages  placed 
nearest  the  mouth 
often  become  modified 
to  subserve  this  func- 

FiG.  45.  -  Alimentary  Fig.  48.— Alimentai-y  canal  of  tion.      A  special 

canal   of    Distomum  a  young  nematode.  O,  mouth ;  -it         j.t,      t,  i 

hepaticum  (after  R.  Oe,  fore-gut  (oesophagus)  with  cnamDer,  tne  buccal 

Leuckart) ;  D,  alimen-  pharyngeal  dilatation,  Ph.-  D,  cavity,  becomes 

taiy  canal ;  0,  mouth.  mid-gut ;  ^,  anus.  i     t  r 

marked  on  from  the 

fore-gut,  in  front  of  or  within  which  hard  structures,  such  as  jaws  and 
teeth,  for  the  seizure  and  mastication  of  the  food  are  placed  ( Vertebrata, 
Gastropoda);  and  into  which  secretions  (salivary)  having  a  digestive 
function  are  poured.  The  masticatory  organs  are  sometimes  placed 
completely  outside  the  body  in  front  of  the  mouth,  and  consist  of  modi- 
tied  limbs  ( Arthropoda),  which  in  the  parasites  are  metamorphosed  into 
structures  for  piercing  and  sucking  ;  or  they  may  have  shifted  so  as 
to  lie  entirely  within  the  pharynx  (Rotifera,  errant  Annelids)  or  in  a 
muscular  dilatation  of  the  posterior  end  of  this  organ.  At  this  place 
there  is  usually  developed  a  widened  chamber,  the  stomach,  which  by 
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repeated  mechanical  action  (masticatory  stomach  of  Cray-fish)  or  by 
the  secretion  of  digestive  fluids  (pepsin)  fvirthers  digestion;  or  it 
may,  as  in  birds,  subserve  both  these  functions.  From  the  stomach 
the  food  passes  into  the  mid-gut.  Dilatations  and  out-growths  of  the 
buccal  cavity  give  rise  to  cheek  and 
throat  pouches,  of  the  oeosphagus  to 
the  crop,  of  the  stomach  to  blind  sacs 
which  serve  as  reservoirs  for  the  food 
(stomach  of  Ruminants)  (figs.  47  &  48). 

In  the  middle 
section  of  the 
alimentary  ca- 
nal, or  intestine, 
the  digestive 
processes,  al- 
ready c  o  m  - 
menced  in  the 
mouth  by  the 
action  of  the 
salivary  secre- 
tion and  con- 
tinued in  the 
stomach  by  the 
action    of  the 

pepsin  of  the  gastric  juice  (upon  albumins 
in  an  acid  solution),  is  completed.  The  food 
constituents  which  have  been  so  far  unacted 
upon  (chyme)  are  in  the  intestine  submitted 
to  the  action  of  the  secretions  of  the  liver, 
pancreas,  and  intestinal  glands,  and  by  them 
converted  into  the  chyle,  which  is  absorbed 
by  the  intestinal  walls ;  the  albumins  being 
converted,  as  in  the  stomach,  into  soluble 
-Alimentary  canal  of  modifications   by   the    action    of  trypsin 

a  butterfly,  ii,  proboscis  (ma-  /     i.-        r,  ^     •       nv  i.-  \ 

-xiite) ;  s^.  salivary  glands:  (acting,  however,  Only  m  alkahne  solutions). 
On,  oesophagus;  s,  sucking  The  intestine  often  attains  a  great  length, 

stomach ;    Mg,  Malpighian        ,  ,  t    •  i    i   •    ^  •  • 

tubules;  ^ci,  rectum.  ^'^^  becomes  divided  into  regions  possessing 

a  different  structure ;  e.g.,  in  the  intestine  of 
mammals  three  regions  can  be  distinguished— duodenum,  jejunum, 
and  ileum.  Its  surface  is,  as  a  rule,  increased  by  the  develop- 
ment of  folds  and  villi,  and  sometimes  of  outgrowths.  Amongst 


Fig.  47. — Alimentary  canal  and  ac- 
cessory glands  of  a  caterpillar. 
O,  mouth ;  Oe,  oesophagus  ;  8p  D, 
salivary  glands ;  Se,  spinning 
glands ;  MD,  intestine  (mid-gut) ; 
AT),  rectum  (hiad  gut) ;  M6,  Mal- 
pighiau  tubes. 
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the  Invertebrata  it  is  often  possible  to  distinguish  an  anterior 
especially  widened  portion  of  the  intestine,  which  receives  the  hepatic 
secretion  and  is  called  stomach  from  the  posterior,  narrower,  and 
longer  section,  which  is  known  as  intestine. 

The  hindermost  section  of  the 
alimentary  canal  or  hind  gut, 
which  is  not  always  sharply 
marked  off  from  the  intestine, 
is  especially  concerned  with  the 
collection  and  repulsion  of  the 
undigested  remains  of  the  food, 
or  faeces.  It  may  also  possess 
ceecal  appendages  attached  to  its 
anterior  part,  and  possessing  a 
digestive  function.  In  the  lower 
animals  it  is  a  small  structure, 
but  in  the  higher  animals  it  at- 
tains a  much  more  considerable 
length,  and  receives  anteriorly 
one  (Mammalia)  or  two  (Birds) 
cteca,  and  it  may  be  sub-divided 
into  two  parts,  known  as  lai-ge 
intestine  and  rectum ;  in  the 
Vertebrata  its  hind  end  receives 
the  ducts  of  various  glands  (kid- 
ney, generative  organs,  anal 
glands).  It  may  in  addition  dis- 
charge other  functions,  e.g.,  a 
respiratory  (larvae  of  Libellulidjp) 
or  a  secretory  function  (larva  of 
Ant  Lion). 

The  salivary  glands,  liver,  and 
pancreas  are  to  be  regarded  as 
outgrowths   of   the  alimentary 
canal  which  have  become  diffe- 
rentiated into  glands. 

The  secretion  of  the  salivary  glands  is  poured  into  the  buccal 
cavity,  and  there  performs  two  functions — (1)  it  dilutes  the  food, 
(2)  it  has  a  chemical  action  upon  it,  converting  the  starch  into 
sugar  :  they  are  absent  in  many  aquatic  animals  and  are  especially 
developed  in  herbivorous  animals. 


Fig.  49. — Alimentary  canal  of  a  bird.  Oe, 
oesophagus ;  A',  crop  ;  Dm,  proventriculus  ; 
Km,  gizzard ;  D,  small  intestine ;  P,  pan- 
creas ]Dlaced  in  the  loop  of  the  duodenum; 
7/,  liver;  C,  the  two  caeca;  {/,  ureter;  Ov, 
o\-iduct ;  Ad,  large  intestine ;  Kl,  cloaca. 
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The  liver,  distinguished  in  the  higher  grades  of  development  by 
its  great  size,  is  an  appendage  of  the  first  part  of  the  small  intestine 
(duodenum).  The  first  trace  of  it  is  met  with  in  the  lower  animal-i 
in  the  form  of  a  characteristically  coloured  part  of  the  cellular 
covering  of  the  gastric  cavity  or  intestinal  wall  (Coelenterata, 
worms).  In  the  higher  animals  it  has  at  first  the  form  of  a  small 
blind  sac  (small  Crustacea)  ;  this,  by  a  process  of  bi\anching,  is  con- 
verted into  a  complicated  struc- 
ture composed  of  ducts  and  folli- 
cles, which  may  become  connected 
together  in  very  difierent  ways 
so  as  to  give  rise  to  an  apparently 
compact  organ.  Nevertheless,  it 
must  be  remembered  that,  in  the 
different  groups  of  animals, 
glands,  which  differ  both  mor- 
phologically and  physiologically, 
are  included  under  this  term, 
"liver."  While  in  the  Yerte- 
brata  the  liver,  as  a  bile-pro- 
ducing organ,- possesses  no  known 
relation  to  digestion,  in  the  In- 
vertebrata  the  secretions  of  many 
glands,  which  are  generally  called 
"  liver,"  but  which  would  be 
more  appropriately  termed  hepato- 
jjancreas,  exercise  a  digestive 
action  upon  starch  and  albumen, 
and  at  the  same  time  contain 
bye-products  and  colouring  mat- 
ters similar  to  those  found  in  the 
bile  of  Vertebrates  (Crustacea, 
Mollusca). 

The  Organs  of  Circulation.  The  nutrient  material  or  chyle  re- 
sulting from  digestion  is  distributed  by  a  system  of  spaces  to  all 
parts  of  the  body.  Excluding  the  Protozoa,  in  which  the  distribution 
of  nutrient  material  is  effected  in  the  same  manner  as  in  the  cell  or 
tissue  unit,  the  simplest  form  of  vascular  system  in  animals  with 
cellular  tissues,  i.e.,  in  the  Metazoa,  is  found  in  the  Coelenterata. 
In  these  animals  the  digestive  cavity  itself  extends  to  the  extreme 
periphery  of  the  body,  and  serves  to  distribiite  the  nutritive  fluids 


Fig.  50. — Alimentary  canal  of  Man.  Oe, 
oesophagus  ;  M,  stomach  ;  L,  spleen  ;  H, 
liver ;  Qb,  gall  bladder ;  F,  pancreas  ; 
Du)  duodenum  receiving  the  bile  and  pan- 
creatic ducts  ;  Jlj  ileum ;  Co,  colon  ;  Coe, 
Cfficum  with  vermiform  process,  Pv ;  M, 
rsctuni. 
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(gastro-vascular  system  of  Polyps,  so-called  vessels  of  Medusa;  and 
Cteuophora).  The  so-called  stomach  of  the  Anthozoa  is  sijxiply  an 
invagination  of  the  body  wall  into  the  central  cavity  of  the  animal, 
and  functions  only  as  cesophagus. 

Wh  en  a  distinct  alimentary  canal  is  present,  the  chyle  is  absorbed 
by  the  walls  of  the  gut,  and  passed  through  them  into  the  coelom  or 
space  developed  between  the  gut  and  body  walls  (into  the  general 


Fig.  51.— Dapliilia  with  simple  heart.  C,  the  sUt-like  opening  on  one  side  is  seen ;  D, 
alimentary  canal;  i,  liver;  A,  anus;  &,  brain;  O,  eye;  Sd,  shell  gland;  Br,  brood 
pouch  placed  dorsally  beneath  the  cara.pace. 

tissue  of  the  body  in  the  acoelomate  parenchymatous  worms),  and 
there  gives  rise  to  a  fluid,  the  blood,  in  which  (with  some  few 
exceptions)  corpuscles  (cellular  structures  produced  in  the  organism) 
are  found.  In  this  space,  or  in  a  system  of  lacunjie  derived  from  it, 
the  blood  circulates.  Primitively  its  movements  are  quite  irregular, 
taking  place  with  each  movement  of  the  body  (as  in  many  worms), 
and  are  effected  chiefly  by  the  contractions  of  the  somatic  muscles 
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(Ascaris),  but  also  by  the  movements  of  other  organs,  e.g.,  the 
aHmentary  canal  (Cyclops).  At  a  higher  stage  of  development  a 
rudiment  of  the  central  organ  of  the  circulation  appears,  in  that  a 
special  section  of  the  blood  path  acquires  a  muscular  investment, 
and  as  a  pulsating  heart,  comparable  to  a  force  and  suction-pump. 


Fig.  52. — Male  of  Branchipus  stagnalis  with  many- 
chambered  heart  or  dorsal  vessel  Jig,  the  lateral 
openings  in  which  are  repeated  in  every  seg- 
ment. D,  intestine  ;  M,  mandible ;  Sd,  shell 
gland ;  Br,  branchial  api^endage  of  the  11th  pair 
of  legs ;  T,  testis. 
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Fig.  53. — Heart  of  a  Copepod 
(Oalanella)  with  an  ante- 
rior artery,  A.  Os,  ostia  ; 
V,  valves  at  the  arterial 
ostium ;  M,  muscle. 


maintains  a  continuous  circulation  of  the  blood.  The  heart  is  either 
sac-shaped,  with  two  lateral  or  one  anterior  slit-like  opening  (Daphnia, 
Calanus)  (fig.  51),  or  elongated  and  divided  into  successive  chambers 
and  perforated  by  many  pairs  of  slit-like  openings  (Insects,  Apus) 
(fig.  52).    As  a  rule,  each  chamber  possesses  a  pair  of  laterally  placed 


(52 


OEQANJZATION  AND  DEVELOP.MEKT  OF  ANIMALS  IN  OENEEAL. 


ostia,  provided  with  lip-like  valves,  which  act  so  as  to  allow  the  blood 
only  to  enter  the  organ. 

From  the  heart,  as  central  organ  of  the  circulation,  well  defined 
canals,  the  blood  vessels,  are  then  developed,  which  in  the  Invertebrata 
may  alternate  Avith  lacunfe  not  provided  with  walls.  In  the  simplest 
cases  it  is  only  the  tracts  along  which  the  blood  travels  from  the 
heart  which  are  provided  with  independent  walls,  and  developed  into 
blood  vessels  (marine  Copepoda,  Calanella,  fig.  53).  At  a  higher 
stage  of  development  not  only  do  these  efferent  vessels  acquire  a 
more  complicated  structure,  but  a  part  of  the  lacuna-system,  especially 
in  the  neighbourhood  of  the  heart,  acquires  a  membranous  invest- 
ment, and  gives  rise  to  vessels  which  carry  the  blood  back  to  the 


Fig.  54.— Heart  and  blood  vessels  and  gills  of  the  crayfish.  C,  heart,  in  a  blood  sinus ;  with 
Ps  several  pairs  of  ostia ;  Ac,  cephalic  aorta ;  -1  ah,  abdominal  aorta ;  A>,  sternal 
artery. 

pericardial  sinus,  from  which  it  parses  through  the  venous  ostia  into 
the  heart  (Scorpions,  Decapods)  (fig.  54). 

In  other  cases  (Molluscs)  the  blood  flows  directly  from  the  afferent 
vessels  into  the  heart,  the  walls  of  the  vessel  being  directly  continuous 
with  the  walls  of  the  heart.  The  heart  in  such  cases  consists  of  two 
chambers,  the  one  known  as  auricle  serves  for  the  reception  of  the 
returning  blood,  the  other  known  as  ventricle  for  its  propulsion 
(fig.  55). 

The  vessels  passing  from  the  ventricle  and  carrying  the  blood  from 
the  heart  are  called  arteries ;  those  returning  the  blood  to  it  are 
called  veins,  and,  in  the  higher  animals,  are  distinguished  from  the 
arteries  by  their  thinner  walls.  Between  the  ends  of  the  arteries 
and  the  beginning  of  the  veins  the  body  cavity  intervenes  either  as 
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a  blood  sinus  or  as  a  system  of  blood-lacunse ;  or  the  arteries  and 
veins  are  connected  by  a  network  of  delicate  vessels,  tbe  capillaries. 
If  the  connection  between  arteries  and  veins  is  effected  by  capillaries 
in  all  parts  of  the  vascular  system,  and  the  body  cavity,  as  in  the 
Vertebrata,  no  longer  functions  as  a  blood  sinus,  the  vascular  system 
is  spoken  of  as  being  completely  closed. 

In  the  Veii;ebrates  and  segmented  worms  the  vascular  system  ob- 
tains a  considerable  development  before  a  true  heart  is  differentiated 
in  it.    At  first  rhythmically  pulsating  sections,  very  frequently  the 


Fig.  55.— Nei-vous  system  and  circulatory  organs  of  Paludina  vivipara  (after  Leydig).  F. 
tentacle ;  Oe,  oesophagus ;  Cff,  cerebral  ganglion  with  eye ;  Pff,  pedal  ganglion  with 
adjacent  otocyst ;  Vg,  visceral  ganglion ;  Phg,  pharyngeal  ganglion  ;  A,  aiiricle  of 
heart;  Fe,  ventricle;  ^u,  ahdominal  aorta;  .4c,  cephalic  aorta ;  F,  vein;  Fe,  afferent 
vessel.   Br,  gill. 

dorsal  vessel,  or  the  lateral  vessels  connecting  this  with  the  venti-al 
vessel  (fig.  56),  serve  for  the  propulsion  of  the  blood. 

Similarly  amongst  the  Vertebrata,  the  lancelet  (Amphioxus) 
possesses  no  distinctly  differentiated  muscular  heart,  the  function  of 
that  organ  being  discharged  by  various  parts  of  the  vascular  system 
which  are  contractile.  The  arrangement  of  the  vessels  supplying 
the  pharyngeal  section  of  the  alimentary  tract,  which  has  a  respiratory 
function  and  is  known  as  the  branchial  sac,  admits  of  a  comparison 
with  the  vascular  arrangement  of  the  segmented  woi'ms,  and  repre- 
sents the  simplest  form  of  the  vertebrate  vascular  system.  The 
longitudinal  vessel  which  runs  in  the  ventral  wall  of  the  branchial 
sac  gives  off  numerous  lateral  branches,  which  ascend  in  the  branchial 
walls.    These  lateral  vessels  are  contractile  at  their  point  of  oxigin 
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f  I'om  the  ventral  vessel.  The  anterior  pair,  placed  behind  the  mouth, 
mute  beneath  the  notochord  to  form  the  root  of  the  median  body 
artery  (descending  or  dorsal  aorta)  which  receives  the  hinder  succes- 
sive pairs  of  lateral  vessels.  This  dorsal  artery  gives  off  branches  to 
the  muscles  of  the  body  wall  and  the  viscera,  from  which  the  venous 

blood  in  part  is  returned  to  the  ventral  pharyn- 
geal vessel;  part  of  it,  however,  before  reaching 
the  latter,  traverses  a  capillary  network  in  the 
liver. 

From  the  hinder  part  of  the  ventral  pha- 
ryngeal vessel  there  is  developed,  in  the  higher 
Vertebrata,  the  heart,  which  at  first  has  the 
shape  of  an  S-shaped  tube,  but  later  acquires 
a  conical  form  and  becomes  divided  into  auricle 
and  ventricle.  The  former  receives  the  blood 
returning  from  the  body  and  passes  it  on  into 
the  more  powerful  ventricle,  from  which  arises 
an  anterior  vessel,  the  ascending  or  cardiac 
aorta,  presenting  a  swelling  at  its  root,  known 
as  the  aortic  bulb.  This  vessel  leads,  by  means 
^  of  lateral  vascular  arches,  the  arterial  arches, 

into  the  dorsal  aorta,  which  passes  backwards 
beneath  the  vertebral  column,  and  supplies  the 
body.  Yalves  placed  at  the  two  ostia  of  the 
ventricles  regulate  the  direction  of  the  blood 
stream  ;  and  they  are  so  arranged  as  to  prevent 
any  lackward  flow  of  blood  from  the  cardiac 
aorta  into  the  ventricle  in  diastole,  and  from 
the  ventricle  into  the  auricle  in  systole. 

In  consequence  of  the  insertion  of  the  respi- 
ratory organs  on  to  the  system  of  the  arterial 
arches,  the  latter,  and  at  the  same  time  the 
structure  of  the  heart,  assumes  various  degi*ees 
of  complication.  In  fishes  (fig.  57),  four  or  five 
pairs  of  gills  are  inserted  in  the  course  of  the 
arterial  arches,  which  break  up  into  a  respiratory  capillary  net- 
work in  the  branchial  leaflets.  From  this  network  the  arterialised 
blood  is  collected  into  efferent  branchial  arches,  the  branchial  veins, 
corresponding  each  to  a  branchial  artery ;  and  these  unite  to  form 
the  dorsal  aorta.  In  such  cases  the  heart  remains  simple,  and 
receives  venous  blood. 


Fig.  5G. — Anterior  part 
of  the  vascvilar  system 
of  an  Oligochsete  worm 
(Sffinuris)  (after  Ge- 
genbaur) .  In  the  dor- 
sal vessel  the  blood 
moves  from  behind 
forward  ;  in  the  ven- 
tral vessel  from  before 
backwards  (see  ar- 
rows). H,  heart-like 
dilated  transverse 
lateral  vessels. 
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With  the  appearance  of  lungs  as  respiratory  organs  (Dipnoi, 
Perennibranchiate  Amphibia,  larvse  of  Salamanders  and  Batra- 
chians)  (fig.  58),  the  heart  obtains  a  more  complicated  structure, 

in  that  the  auricle  becomes  divided 
into  a  right  and  left  division,  the 
latter  of  which  receives  the  arte- 
rialised  blood,  returning  from  the 
lungs  by  the  pulmonary  veins, 
Tlie  septum  between  the  two 
divisions  of  the  auricle  may,  how- 
ever, remain  incomplete  (Dipnoi, 
Proteus).  The  advehent  pulmon- 
ary vessels,  the  pulmonary  arte- 
ries,   always    proceed    from  the 


FxG.  57. — Diagram  of  the  circulator7 
organs  of  an  osseous  fish.  V, 
ventricle  ;  Ba,  aortic  bulb  with  the 
arterial  arches  which  carry  the 
venous  blood  to  the  gilla ;  Ao, 
dorsal  aorta  into  which  open  the 
vessels  from  the  gills  or  branchial 
veins  Ab.  N,  kidney;  B,  alimen- 
tary canal ;  Lk,  portal  circulation. 


Fig.  58.— Gills  {Br)  and  pulmonary  sacs  (P) 
of  a  perennibranchiate  amphibian.  Ap, 
pulmonary  artery  proceeding  from  the 
posterior  of  the  four  aortic  arches.  The 
other  three  lead  to  the  three  pairs  of  gills  ; 
D,  alimentary  tract ;  A,  aorta. 


posterior  vascular  arch,  which,  as  a  rule,  loses  its  relation  to  the 
branchial  respiration. 

On  the  disappearance  of  the  gills,  which  is  completed  during  the 
metamorphosis  in  the  Salamandrina  and  Batrachia,  the  pulmonary 
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arteries  obtain  a  mucli  more  considerable  size  and  become  the  direct 
continuation  of  the  hindermost  pair  of  vascular  arches,  while  the 
remaining  and  primitively  most  important  portions  of  the  latter,  i.e. 
the  portions  leading  to  the  dorsal  aorta,  are  reduced  to  r-udimentary 
ducts  (Ductus  Botalli)  or  completely  obliterated.  Contemporaneously 
with  these  changes  there  appears  a  fold  in  the  lumen  of  the  ventral 
or  cai'diac  aorta,  leading  to  a  separation  of  the  posterior  vascular 

arch  (pulmonary  artery), 
which  now  receives 
through  the  ventricle 
venous  blood  from  the 
right  auricle,  from  the 
system  of  anterior  arches 
which  give  origin  to  the 
cef)halic  vessels  and  dor- 
sal aorta  and  receive 
arterial  blood  from  the 
left  auricle  (mixed,  how- 
ever, with  venous  blood 
in  the  ventricle)  (fig. 
59). 

In  Reptiles  the  sepa- 
ration of  the  arterial 
from  the  venous  blood 
is  more  complete,  in  that 
there  is  an  incomplete 
ventricular  septum 
which  foreshadows  the 
later  division  of  the 
ventricle  into  a  right 
and  a  left  half.  From 
the  left  division  arises 
the  right  aortic  arch, 
which  gives  origin  in  its  further  course,  to  the  arteries  to  the  head 
(carotid  arteries).  A  vessel  to  the  lungs  and  a  left  aortic  arch 
may  also  be  distinguished.  The  left  aortic  arch  and  pulmonary 
artery  receive  only  venous  blood,  while  the  right  aortic  arch,  and 
therefore  the  carotids  which  proceed  from  it,  receive  principally 
arterial  blood  from  the  left  side  of  the  ventricle  (fig.  60). 

The  ventricular  septum,  and  consequently  the  separation  of  the 
right  from  the  left  ventricle,  is  found  complete  for  the  first  time 


Fig.  59.— Circulatory  organs  of  the  frog.  P,  left  lung, 
right  lung  is  removed  ;  Ap,  pulmonary  artery ;  Vp, 
pulmonary  vein  ;  Vc,  vena  cava  inferior ;  Ao,  dorsal 
aorta ;  N,  kidney ;  D,  alimentary  canal ;  U,  portal 
circulation. 


LYMPHATIC  srSTEM. 


67 


in  the  Crocodilia,  and  in  these  animals  the  right  aortic  arch  arises 
from  the  left  ventricle.  But  the  separation  of  the  arterial  and 
venous  blood  is  even  now  not  quite  complete,  for  at  the  point  where 
the  two  aortic  arches  cross  one  another  there  is  a  passage  (foramen 
Panizzc^)  leading  from  one  into  the  other,  and  through  which  a 
commimication  may  take  place. 

It  is  only  in  Birds  and  Mammals,  in  which,  as  in  the  Crocodilia, 
the  right  and  left  ventricle  are  completely  separated,  that  a  separation 
between  the  two  kinds  of 
blood  is  completely  effected 
(fig.  61).  In  Birds  the  right 
aortic  arch  persists,  and  the 
left  entirely  disappears ;  while 
in  Mammalia  the  opposite 
obtains,  the  left  arch  per- 
sisting and  giving  rise  to  the 
dorsal  aorta.  In  these  animals 
the  blood  is  essentially  diffe- 
rent from  the  chyle  both  in 
colour  and  composition,  and 
there  is  present  a  special 
system  of  chyle  and  lymph 
vessels.  This  system  origi- 
nates in  simple  tissue  spaces, 
which  are  without  walls,  and 
its  main  trunks  open  into  the 
vascular  system.  The  con- 
tents are  derived  from  the 
nutrient  material  absorbed 
from  the  intestine  (chyle), 
and  from  the  fluids  which 
have  transuded  into  the 
tissues  from  the  capillaries  (lymph),  and  they  serve  to  renovate 
the  blood.  In  the  actual  course  of  the  lymph  and  chyle,  i.e.,  in  the 
lymphatic  vessels  themselves,  are  placed  peculiar  glandular  organs, 
known  as  lymphatic  glands  (blood  glands),  in  which  the  lymph  receives 
its  form  elements  (lymph  corpuscles = white  blood  corpuscles). 

Organs  of  Respiration.  The  blood  needs  for  the  retention  of  its 
properties  not  only  this  continued  renovation  by  the  addition  of 
nutrient  fluids,  but  also  the  constaiit  introduction  of  oxygen,  with 
the  reception  of  which  is  closely  connected  the  excretion  of  carbonic 


FiQ.  60.— Heart  and  great  vessels  of  a  Chelouian, 
Ad,  right  auricle  ;  ^.f.left  auricle  ;  Ao.d,  right 
aortic  arch ;  Ao.s,  left  aortic  arch  ;  Ao,  aorta; 
C,  carotids  ;  Ap,  pulnjonary  ai'teries. 
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acid  (and  water).  The  exchange  of  these  two  gases  between  the 
blood  and  the  external  medium  is  the  essential  part  of  the  respix-atory 
process,  and  is  effected  through  organs  which  are  suited  for  carrying 

on  this  process  either  in  air  or 
in  water.  In  the  simplest  cases 
the  exchange  of  these  two  gases 
takes  place  through  the  general 
surface  of  the  body;  and  in  all 
cases,  even  when  special  respira- 
tory organs  are  present,  the  outer 
skin  also  takes  part  in  respiration. 


Fig.  Gl— Diagram  of  the  circulation  in  an 
animal  with  a  completely  separated  right 
and  left  ventricle,  and  a  double  circulation 
(after  Huxley).  Ad,  right  auricle  receiv- 
ing the  superior  and  inferior  venae  cavae, 
Vcs,  and  Vei;  Dtk,  thoracic  duct,  the 
main  trunk  of  the  lymphatic  system ;  Ad, 
right  auricle ;  Vd,  right  ventricle  ;  Ap, 
pulmonary  artery ;  P,  lung ;  Vp,  pulmon- 
ary vera  ;  As,  left  auricle ;  Vs,  left  ven- 
tricle; Ao,  aorta;  D,  intestine;  L,  liver; 
Vp',  portal  vein ;  Lv,  hepatic  vein. 


Fig.  63.-— Diagram  of  the  great 
arteries  of  a  maromal  with 
reference  to  the  five  embi-j'- 
onic  arterial  arches  (after 
Eathke) .  c,  common  carotids  ; 
c',  external  carotid  ;  c",  inter- 
nal carotid;  A,  aorta.  Ap, 
pulmonary  artery ;  Aa,  aortic 
arch. 


Inner  surfaces  also  may  be  con- 
cerned in  this  exchange,  especially 
those  of  the  digestive  cavity 
and  intestine,  or,  as  in  the  Echi- 
noderms,  in  which  a  separate 
vascular  system  is  developed,  the 
surface  of  the  whole  body  cavity. 
Respiration  in  water  obviously 


takes  place  under  far  more  un- 
favourable conditions  for  the  introduction  of  oxygen  than  does  the 
direct  respiration  in  air,  because  it  is  only  the  small  quantity  of 
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oxygen  dissolved  in  water  which  is  available 
respiration  is  found  in  animals 
low  in  the  scale  of  life  in  which 
the  metabolic  processes  are  less 
energetic  (worms,  molluscs,  and 
fishes). 

Organs  of  aquatic  respiration, 
or  gills,  have  the  form  of  external 
appendages  possessing  as  large  a 
surface  extension  as  possible. 
They  consist  of  simple  or  antler- 
shaped  or  dendritically  branched 
processes  (fig.   63  a,  b),  or  of 


Hence  this  form  of 


Fig.  63(1.— Head  and  anterior  body  segments 
of  a  Eunice,  viewed  from  the  dorsal  sur- 
face. T,  tentacles.  Ct,  tentacular  cirrus. 
C,  parapodial  cirrus.   £r,  parapodial  gill. 

lancet-shaped  closely-packed  leaves  with  a  large 
stii-face  extension  (fig.  64). 


Fig.  Gi.  —  Transverse 
section  through  the 
gill  of  a  Teleostean 
fish,  h,  branchial  leaf- 
let with  capillaries ;  e, 
branchial  artery  con- 
taining venous  blood ; 
(I,  branchial  vein  con- 
taining arterial  blood. 
({,  branchial  bar. 


Fig.  635. — Transverse  section  throngh  the  body  of  Eu- 
nice. Br,  gill ;  C,  cirrus  ;  P,  parapodium  with  a 
bundle  of  setae ;  Z>,  alimentaiy  canal ;  iV,  nervous 
system 


The  organs  of  aerial  respiration,  on  the  contrary, 
are  internal.  They  present  likewis'^  the  condi- 
tion favourable  for  an  exchange  of  gases  between 
the  air  and  the  blood,  viz.,  a  large  extent  of 
surface.  They  have  the  form  either  of  lungs  or 
air-beaiing  tubes.  In  the  first  case  (Spiders, 
Vertebrates)  they  consist  of  spacious  sacs  with  aiveolar  or  spongy 
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walls,  travei'sed  by  numerous  septa  and  folds  which  bear  an  extremely 
rich  network  of  capillaiies.  The  air  tubes  or  tracheae  (fig.  65)  consti- 
tute a  branched  system  of  canals 
which  extend  througliout  the 
whole  body,  and  carry  the  aii- 
to  all  the  organs.  Tlius  instead 
of  the  respi- 
ratory pi'o- 
cess  being 
localised,  as 
it  is  in  ani- 
mals with 
kings,  it  is 
carried  on  in 
all  tissues 
and  organs 
of  the  body, 
which  are 
surrounded 
by    a  fine 

tracheal  network.  Nevertheless,  the  air  tubes 
in  the  case  of  the  modification  known  as  fan- 
trachece  present  an  approximation  in  their 
structures  to  lungs,  in  that  the  main  stems, 
without  further  branching,  give  rise  to  flat 
hollow  leaves. 


Fig.  65.— TrachesB  with  fine  branches 
(after  Leydig).  Z,  cellular,  outer  wall ; 
Sp,  sph'al  thread. 


Tr- 


FiG.  66J.— Lateral  view  of  head  and  body  of  an 
Acridium.   St,  stigmata  ;  T,  Tympanum. 


Openings  in  the  body  wall  are  present,  placing 
the  organs  of  aerial  respiration  in  communica- 
tion with  the  exterior.  These  openings  may 
be  numerous,   and   paired,   placed   symmetrically  on  the  sides 


Fig.  6Go  .  — Tra  ct  eal  sy s 
tern  of  a  Dipterous 
l.'Tva.  Tr,  Longitudi- 
nal stem  of  the  right 
side  with  tufts  of  tra  - 
chere;  St',  and  Sf", 
anterior  and  posterior 
stigmata;  Mb,  oral 
hooks. 
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of  the  body  (fig.  QQ  a,  b)  {stigmata  of  Insects,  Spiders),  or  they 
may  be  more  restricted  in  nvimber,  and  communicate  also  with 
cavities  of  complicated  structure  which  are  used  for  other  functions 
(nasal  cavities  of  "Vertebrates).    In  the  aquatic  larvae  of  certain 


I 


'Ik 


f 

67(t.— Larva  of  an  Ephemeral  fly  with  seven  pairs  o£_  tracheal  gills 
,  slightly  magnified  ;  Tk,  isolated  tracheal  gill  strongly  magnified. 


Fig.  67i.— Tracheal  sys- 
tem at  the  sides  of  the 
alimentary  canal  of 
an  Agrion  larva  (after 
L.  Dufour).  Tit,  main 
tracheal  trunk  ;  Sf, 
tracheal  gills ;  Ifa,  the 
three  simple  eyes. 


Insects  (Ephemeridje,  Libellulidae)  the  tracheae  may  be  without  any 
external  openings.  In  such  cases  processes  of  the  body  filled  with 
a  close  network  of  tracheae,  which  take  up  oxygen  from  the  watei', 
and  are  known  as  tracheal  gills,  are  developed  (fig.  67  a,  b).  In  rare 
instances  tracheal  gills  are  developed  on  the  wall  of  the  rectum,  and 
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thus  acquire  a  protected  position  (rectal  respiration  of  Aeschna 
Libenula).  ' 

In  other  respects  the  branchial  and  pulmonary  respiratory  pro- 
cesses are  essentially  the  same.  In  the  pulmonate  snails  (Lymnaeus) 
the  pulmonary  cavity  may  be  filled  with  water,  and  yet  continue  to 
function  as  a  respiratory  organ  (in  the  young  state  and  also  under 
special  conditions  in  the  adult,  the  animal  remaining  permanently 
in  deep  water).  With  this  fact  before  us  of  an  air-breathing  surface 
functioning  as  a  gill,  it  will  not  surprise  us  to  find  that  gills  and 
branching  folds  of  skin,  which  under  normal  circumstances  serve  for 
breathing  in  water,  can,  provided  they  be  protected  from  shrivelling 
up  and  desiccation  either  by  their  position  in  a  damp  space  or  by 
their  copious  blood  supply,  function  as  lungs,  and  allow  their  pos- 
sessors to  live  and  breathe  on  land  (Crabs,  Birgus  latro,  labyrintho- 
branchiate  Fishes). 

A  rapid  renewal  of  the  medium  which  carries  the  oxygen  and 
surrounds  the  respiratory  surfaces  is  of  the  greatest  importance 
for  the  gaseous  exchanges.  We  find,  therefore,  very  often  special 
arrangements,  by  which  the  removal  of  that  part  of  the  respiratory 
medium  which  has  been  deprived  of  oxygen  and  saturated 
with  carbonic  acid  and  the  introduction  of  another  portion  con- 
taining oxygen  and  free  of  carbonic  acid,  is  efiected.  In  the 
simplest  cases  this  renewal  can,  although  not  very  efficiently,  be 
brought  about  by  the  movements  of  the  body,  or  by  a  continuous 
oscillation  of  the  respiratory  surfaces  themselves ;  a  method  which  is 
especially  common  when  the  gills  are  placed  in  the  region  of  the 
mouth  and  function  also  as  organs  of  food  prehension,  e.g.,  the 
tentacles  of  many  attached  animals  (Polyzoa,  Brachiopoda,  tubi- 
colous  Worms,  etc.)  Yery  frequently  the  gills  appear  as  appendages 
of  the  organs  of  locomotion,  e.g.,  of  the  swimming  or  ambulatory 
feet  (Crustacea,  Annelids),  the  movement  of  which  brings  about 
a  renewal  of  the  respiratory  medium  around  the  gills.  The  move- 
ments become  more  complicated  when  the  gills  are  enclosed  in  special 
chambers  (Decapoda,  Pisces),  or  when  the  respiratory  organs  are 
placed  within  the  body,  as  happens  in  the  case  of  trachese  and 
lungs,  in  which  case  also  a  renewal  of  the  air  is  effected  either  by  a 
more  or  less  regular  movement  of  neighbouring  parts,  or  by  rhj^th- 
mical  contractions  and  dilatations  of  the  air-chamber,  constituting 
the  so-called  respiratory  movements.  The  term  resjnration  is  now 
not  only  applied  to  these  movements  so  obvious  to  the  eye  in  air- 
breathing  animals,  but  also  to  the  osmotic  processes,  secondarily 
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dependent  upon  the  entrance  and  exit  of  air,  which  effect  the 
gaseous  exchanges.  Talcen  strictly  in  this  sense  it  is  an  incorrect 
term,  inasmuch  as  in  the  respiratory  movements  of  animals  pro- 
vided with  branchial  cavities  we  have  to  do  with  the  entrance  and 
exit  of  water. 

In  the  higher  animals  provided  with  red  blood,  the  difference  in 
the  condition  of  the  blood  before  and  after  its  passage  through  the 
respii-atory  organs  is  so  striking  that  it  is  possible  to  distinguish 
blood  rich  in  oxygen  from  blood  rich  in  carbonic  acid,  by  the  colour. 
The  latter  is  dark  red,  and  is  known  as  venous  blood ;  the  former, 
i.e.,  blood  which  has  just  left  the  gills  or  lungs,  on  the  contrary, 
has  a  blight  red  colour,  and  is  known  as  artei-ial  blood. 

While  the  terms  venous  and  arterial  are  used  in  an  anatomical 
sense  to  express  the  nature  of  the  blood-vessel, — those  carrying  the 
blood  to  the  heart  being  called  venous,  and  those  carrying  it  from 
the  heart  arterial, — they  are  also  used  in  a  physiological  sense  as  an 
expression  for  the  two  conditions  of  the  blood  before  and  after  its 
passage  through  the  respiratory  organs,  i.e.,  to  express  the  quality  of 
the  blood.  Since,  however,  the  respiratory  organs  may  be  inserted  in 
the  course  of  either  the  venous  or  arterial  vessels,  it  is  obvious  that, 
in  the  first  case,  there  must  be  venous  vessels  carrying  arterial  blood, 
(Molluscs  and  some  Vertebrates),  and,  in  the  latter,  arterial  vessels 
carrying  venous  blood  (Vertebrates). 

Animal  heat.  The  intensity  of  respiration  stands  in  direct  relation 
to  the  energy  of  the  metabolism.  Animals  which  breathe  by  gills 
and  absorb  but  little  oxygen  are  not  in  a  position  to  oxidise  a  large 
quantity  of  organic  constituents,  and  can  only  transform  a  small 
quantity  of  potential  into  actual  energy.  They  perform,  therefore, 
not  only  a  proportionately  smaller  amount  of  muscular  and  nervous 
work,  but  also  produce  in  only  a  small  degree  the  peculiar  molecular 
movements  known  as  heat.  The  "source  of  this  heat  is  to  be  sought 
not,  as  was  formerly  erroneously  supposed,  in  the  respiratory  organs, 
but  in  the  active  tissues.  Animals  in  which  thermogenic  activities  are 
small  have  no  power  of  keeping  independently  their  own  internal 
heat  when  exposed  to  the  temperature  influences  of  the  surrounding 
medium.  This  is  also  true  of  those  air-breathing  animals  in  which 
the  metabolic  and  thermogenic  activities  are  great,  but  which,  in 
consequence  of  their  small  size,  offer  a  relatively  very  large  surface 
for  the  loss  of  heat  by  radiation  (Insects).  On  account  of  the  ex- 
changes of  heat  which  are  continually  taking  place  between  the 
animal  body  and  the  surrounding  medium,  the  temperature  of  the 
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former  mvist  in  such  animals  be  largely  dependent  on  that  of  the 
latter,  falling  and  rising  with  it.  Hence,  most  of  the  lower  animals 
are  poikilothermic*  or,  as  they  have  less  appropriately  been  called, 
cold-blooded. 

The  higher  animals,  on  the  contrary,  in  which,  on  account  of  their 
highly  developed  respiratory  organs  and  energetic  metabolism,  the 
thermogenic  activity  is  great,  and  which  are  protected  from  a  rapid 
loss  of  heat  by  radiation  by  the  size  of  their  bodies  and  by  the 
possession  of  a  covering  of  hairs  or  feathers,  possess  the  power  of 
maintaining  a  constant  temperature,  which  is  independent  of  the 
rising  and  falling  of  the  temperature  of  the  surrounding  medium. 
Such  animals  are  designated  homothermic,  or  warm-blooded.  Since 
they  require  a  high  internal  temperature,  varying  only  within  small 
limits,  as  a  necessary  condition  for  the  normal  course  of  the  vital 
processes,  or  one  may  say  for  the  maintenance  of  life  itself,  they 
must  possess  within  themselves  a  series  of  regulators  whose  function 
is  to  keep  the  body  temperature  within  its  proper  limits,  when  the 
temperature  of  the  surrounding  medium  is  high.  This  may  be 
effected  either  by  diminishing  the  prodviction  of  internal  heat 
(diminishing  the  metabolism)  or  by  increasing  the  loss  of  heat  from 
the  surfaces  of  the  body  (by  radiation,  evaporation  of  secretions, 
cooling  in  water)  ]  and,  on  the  contrary,  when  the  temperature  of  the 
outer  medium  is  too  low,  by  increasing  the  production  of  internal 
heat  (increasing  the  metabolic  activity  by  more  plentiful  food  supply, 
more  vigorous  movements),  or  by  diminishing  the  loss  of  heat  by 
the  development  of  better  protective  coverings. 

When  the  conditions  necessary  for  the  action  of  these  regulators 
are  absent  (want  of  food,  small  and  unprotected  bodies),  we  find  either 
the  phenomenon  of  winter  sleep,  in  which  life  is  preserved  with 
a  temporary  lowering  of  the  metabolic  processes )  or,  when  the 
metabolic  processes  of  the  organism  do  not  enter  into  abeyance,  the 
remarkable  phenomena  of  migration  (migration  of  birds). 

Organs  of  Secretion.  The  respiratory  organs  stand  to  a  certain 
extent  intermediate  between  the  organs  of-  nutrition  and  those  of 
excretion,  in  that  they  take  in  oxygen  and  excrete  carbonic  acid. 
In  addition  to  this  gas  a  number  of  excrementitious  substances, 
mostly  in  a  fluid  form,  which  have  entered  the  blood  from  the 
tissues,  pass  out  by  the  lungs.    The  fvmction,  however,  of  excretion 

*  Col  BerKmann,  "  Ueber  die  Verhaltnisse  der  Warmeokonomie  der  Thiere 
zu  ihrer  Gr5sse,"  Gottinger  Studien,  1847;  also  Bergnmnn  uud  LcAickart, 
»  Anatomisch-physiologische  Uebcrsicht  des  Thicrreichs,   btuttgart,  lb52. 
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(  is  mainly  discharged  by  the  special  secretory  organs.  These  have 
I  the  form  of  glands  of  a  simple  or  complex  structure  which  originate 
1  from  invaginations  of  the  outer  skin  or  of  the  intestinal  wall,  and 
i  consist  essentially  of  simple  or  branched  tubes,  or  of  racemose  and 
'  lobulated  glands. 

Among  the  various  substances  which  by  the  aid  of  the  epithelial 

i lining  of  the  walls  of  glands  are  removed  from  the  blood  and  some- 
times utilised  further  for  the  performance  of  various  functions,  the 
nitrogenous  excretory  substances  are  especially  important.  The 
organs  by  which  the  excretion  of  these  iiltimate  products  of  meta- 
>i  holism  are  effected  are  the  kidneys.  In 
1  the  Protozoa  they  are  represented  by 
the  contractile  vacuoles ;  in  the  Worms 
they  appear  as  the  so-called  water- 
vascular  vessels,  and  are  constituted  of 
a  system  of  branched  canals  which 
•take  their  origin  in  delicate  internal 
cUiated  funnels,  which  open  into  the 
spaces  in  the  parenchymatous  tissues 
or  the  body  cavity.  In  the  latter  case 
the  ciliated  f  imnels  have  a  wide  opening. 
In  the  Platyelminthes  (flat  worms)  the 
eflferent  ducts  of  the  system  consist  of 
two  main  lateral  trunks  (fig.  68,  Ex.), 
which  frequently  open  together  at  the 
hind  end  of  the  body  by  means  of  a 
medium  terminal  contractile  vesicle 
(fig.  68,  ep). 
\  In  the  segmented  worms  the  paired 
I  kidneys  are  repeated  in  every  segment, 
and  are  known  as  segmental  organs 
(figs.  69  and  70).  The  shell-glands  of 
Crustacea  are  in  all  probability  to  be  traced  back  to  these  segmental 

■  organs :  as  are  also  the  paired  kidney  (organ  of  Bo j  anus)  of  mussels, 
and  the  unpaired  renal  sac  of  Snails,  both  of  which  communicate  by 
means  of  an  internal  opening  with  the  pericardial  division  of  the 
body  cavity. 

In  the  air-breathing  Arthropods  and  some  Crustacea  (Orchestia.) 
.  the  urinary  organs  are  tubular  appendages  (Malpigh^ian  vessels)  of 

■  the  hind  gut.    In  the  Yertebrata  the  urinary  organs  or  kidneys 
obtain  a  greater  independence,  and  open  to  the  exterior  by  special 


Fig.  68.— Young  Distomum  (after 
La  Valette).  Ex,  main  stems  of 
the  excretory  system;  Ep,  ex- 
cretory pore ;  O,  nloiith  with 
sticker;  S,  sucker  in  the  middle 
of  the  ventral  surface ;  P,  pha- 
rynx ;  B,  alimentary  canal. 
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openings  which  are  usually  common  to  the  generative  organs ;  they 

consist  essentially  of  a  number  of  coiled  tubes, 
which  in  the  more  pr-imitive  types  of  Vertebrates 
have  a  ciliated  funnel-shaped  opening  into  tho 
J       body  cavity  (Dogfish  embryo,  fig.  71). 

The  individual  tubules  of  which  the  vertc- 


Wtr 


Fig.  70. — Diagrammatic  representation  of 
the  segmental  organs  of  a  segmented, 
worm  (after  0.  Semper).  Dv,  dissepi- 
ment ;  Wtr,  ciliated  funnels  wMcb.  lead 
into  the  coiled  tubes. 


Fis.  69. — Longitudinal 
section  through  the 
medicinal  Leech  (after 
R.  Leuckart).  D,  ali- 
mentary canal ;  <?, 
brain ;  Olc,  ventral 
chain  cf  ganglia  ;  JSx, 
excretory  canals  (seg- 
mental organs,  water- 
vascular  system). 


brate  kidney  is  composed  do  not  open  directly  to 
the  exterior,  as  do  the  segmental  organs  of 
Annelids,  but  there  is  present  on  each  side  of 
the  body  a  duct,  the  kidney  duct,  which  receives 
the  tubules  of  its  own  side  and  opens  posteriorly 
into  the  cloaca.  They  also  possess  an  important 
structure  peculiar  to  the  kidney  of  the  Vertebrata 
known  as  the  "  Malpighian  body,"  which  consists 
of  a  capsular  widening  of  the  lumen  of  each 
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tubule,  into  which  projects 
the  glomeridtbs  (fig.  72). 


a  coil  of  arterial  blood  vessels  known  as 

Very  generally  the  outer  body 
surface  is  the  seat  of  special  secre- 
tions which  frequently  play  an  impor- 
tant part  in  the  economy  of  the 
animal,  and  are  used  especially  as  a 
means  of  protection  and  defence.  The 
same  is  true  also  of  the  secretions  of 
the  accessory  glands  opening  into  the 
anterior  or  posterior  end  of  the  ali- 
mentary canal  (salivary  glands,  poison 
glands,  anal  glands)  (fig.  73). 

To  the  class  of  cutaneous  glands 
belong,  in  the  first  place,  the  sweat- 
glands  and  the  sebaceous  glands  of 
Mammalia.  The  fluid  secretion  of  the 
former,  on  account  of  the  ease  with 
which  it  is  evaporated,  is  of  special  use 
in  keeping  the  body  cool,  while  that 
of  the  latter  keeps  the  integument  and 


Fig.  71.— Diagrammatic  represen- 
tation of  the  kidney  (segmental 
organs)  of  a  dog-fish  embryo  (after 
C.  Semper) .  Wtr,  ciliated  funnels ; 
Tig,  kidney  duct. 

its  special  covering  soft  and  supple. 
The  coccygeal  glands  of  water- 
birds  are  derived  from  an  aggre- 
gation of  sebaceous  glands ;  their 
secretion  by  keeping  the  feathers 
oiled  preserves  them  from  becom- 
ing saturated  with  water  during 
swimming. 


Fi&.  72. — CiUated  funnel  and  Malpighian 
body  from  the  anterior  part  of  the  kidney 
of  Proteus  (after  Spengel).  Nr,  kidney 
tubule;  JV,  ciUated  funnel;  Mk,  Malpig- 
hian body. 


The  unicellular  and  multicell- 
ular integumentary  glands,  which 
are  found  so  widely  present  in 
Insects,  belong,  for  the  most  part,  to  the  category  of  oil  and  fat 
glands.  Aggregations  of  cells  whose  function  is  to  secrete  calcareous 
matters  and  pigment  are  especially  widely  present  in  the  integu- 
ment of  the  Mollusca,  and  serve  for  the  building  up  of  the  beautifully 
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coloured  and  variously  shaped  shellb  of  these  animals.  Integumen- 
tary glands  and  aggregations  of  glands  may  also  acquire  a  relation 

to  the  acquisition  of  food  (spinning  glands 
of  Spiders).  Finally,  mucous  glands  are 
very  widely  present  in  the  skin  of  animals 
wliich  live  in  damp  localities  (Amphibia, 
Snails)  and  in  water  (Fishes,  Annelids, 
Medusaj). 


Chef  ORGANS  OF  ANIMAL  LIFE. 

Of  the  so-called  animal  functions,  that 
of  locomotion  is  the  most  conspicuous. 
Animals  perform  movements  for  the 
purpose  of  procuring  food  and  escaping 
from  their  enemies.  The  muscles  used 
for  locomotion  rule,  and  especially 

in  the  simpler  forms,  intimately  united 
with  the  skin,  and  give  rise  to  a  muscular 
body  wall  (Worms),  the  alternate  shorten- 
ing and  elongation  of  which  brings  about 
a  movement  of  the  body.  The  muscles 
may  also  be  especially  concentrated  in 
parts  of  the  body  wall,  e.g.,  in  the  subum- 
brellar  surface  of  Medusae  beneath  the 
supporting  gelatinous  tissue,  or  in  the 
ventral  surface  of  the  body  giving  rise 
to  a  foot-like  organ  (Molluscs),  or  they  may  be  broken  up  into 
a  series  of  successive  and  similar  segments  (Annelids,  Ai'thropods, 
Vertebrates).  The  latter  arrangement  prepares  the  way  for  the 
rapid  and  more  complete  form  of  movement  found  in  animals  in 
which  the  hard  parts  also,  whether  exoskeletal  (Arthropods)  or 
endoskeletal  (Yertebrata),  have  become  divided  into  a  series  of 
longitudinally  arranged  segments  or  rings,  which  offer  a  firm  attach- 
ment to  and  are  moved  by  the  segments  of  the  muscular  system. 
By  this  ari-angement  more  powerful  muscular  actions  are  rendered 
possible. 

Thus  it  becomes  indispensable  that  hard  parts  should  be  developed 
to  act  as  a  skeletal  support  for  the  soft  parts,  and  also  to  protect  them. 
The  skeletal  structures  may  be  external,  in  which  case  they  have  the 
form  either  of  external  shells,  tubes  or  successive  rings,  and  are 


Fig.  73. — Alimentary  canal  with 
its  accessory  glands  of  a  beetle 
(Carabus)  (after Lt5onDuf our). 
Oe,  oesophasus ;  J"?i,  crop;  Pv, 
proventriculus ;  Chd,  cbyliflc 
ventricle  ;  Mg,  Malpighian  tu- 
bules ;  a,  rectum ;  Ad,  anal 
glands  with  bladder. 


ENDO — SKELETON.  79 

i 

j  usually  products  of  the  external  skin  (chitin),  or  they  may  be 
internal  {cartilage,  bone)  and  give  rise  to  vertebrce  (fig.  74  a,  b).  In 
either  case  the  body  becomes  divided  at  right  angles  to  its  long  axis 
into  a  series  of  segments,  which,  in  the  simpler  cases  of  locomotion, 
are  homonomous  (Annelids,  Myriapods,  Snakes).  As  development 
progresses  some  of  the  muscles  required  for  locomotion  gradually  lose 
their  relation  to  the  long  axis  of  the  body,  and  acquire  a  relation  to 
secondary  axes;  and  in  tliis  way  conditions  are  acquired  for  the 
accomplishment  of  more  diflacult  and  complete  forms  of  locomotion. 
The  hard  parts  in  the  long  axis  of  the  body  then  lose  their  primitive 


Ck 


Fig.  74  a— Diagram  of  the  vertebral  Fig.  74  J— Vertebra  of  a  flsb.  ver- 

columnof  aTeleosteanfishwithverte-  tebral  body.    Oi,  neui-al  arch  (neiira- 

bral  constriction  of  the  notochord.  pophysis)  ;  Ub,  ]ia?mal  arch  (hfEmapo- 

Ch,  notochord ;  Wk,  bony  vertebral  physis)  ;  D.  neural  spine ;  D',  hajmal 

bodies ;  J,  membranous  intervertebral  spine  ;  JS,  rib. 

section. 

uniform  segmentation  and  partially  fuse  with  one  another  to  form 
several  successive  regions,  the  parts  of  which  are  capable  of  a  greater 
or  less  amount  of  movement  upon  one  another  (head,  neck,  thorax, 
lumbar  region,  etc.)  In  this  case,  however,  the  parts  of  the  skeleton 
of  the  chief  axis  are  visually  less  movable  upon  one  another,  while,  on 
the  contrary,  a  much  more  perfect  locomotion  is  effected  by  the 
extensive  movements  of  the  paired  extremities  or  limbs.  The  limbs 
likewise  possess  a  solid  skeleton,  to  which  the  muscles  are  attached, 
and  which  is  usually  elongated  and  may  be  external  or  internal, 
and  is  attached  more  or  less  closely  to  the  axial  skeleton. 

The  most  essential  property  of  animals  is  that  of  sensation.  This 
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property,  like  that  of  movement,  resides  in  definite  tissues  and  organs 
which  constitute  the  nervous  system.  For  those  cases  in  which  a 
nervous  system  has  not  separated  from  the  common  contractile  basis 
(sarcode)  or  from  the  uniform  cell  pai-enchyma  of  the  body,  we  may 
suppose  that  the  organism  possesses  the  first  beginnings  of  an 
irritabihty  serving  for  pei'ception.  This,  liowever,  can  scarcely  be 
called  sensation,  for  sensation  pre-supposes  the  presence  of  conscious- 
ness of  the  unity  of  the  body,  and  this  we  can  scarcely  attribute  to 
the  simplest  animals  without  a  nervous  system. 

The  appearance  of  muscles  is  coincident  with  that  of  the  nervous 
tissues,  which  are  developed  in  connection  with  the  sense  epithe- 
lium of  the  surface  (Polyps,  Medusse,  Echinoderms).    In  such  cases 

the  nerve  fibres  and  ganglion  cells 
which  all  lie  mingled  together  keep 
their  ectodermal  position  and  their 
connection  with  the  sense  epithe- 
lium. The  view  that  the  first  difie- 
rentiation  of  the  nervous  and  mus- 
cular tissues  is  to  be  sought  in  the 
so-called  neuromuscular  cells  of  the 
fresh-water  polyps  and  Medusas  has 
been  shown  by  later  researches  to 
be  untenable. 

The  arrangements  of  the  nervous 
system  can  be  traced  back  to  three 
distinct  types — (1)  the  radial  ar- 
rangement found  in  the  radiate 
animals;  (2)  the  bilateral  arrange- 
ment found  in  segmented  Worms,  Arthropods,  and  Molluscs;  (3) 
the  bilateral  arrangement  of  the  Yertebrata.  In  the  first  case  the 
central  organs  are  radially  repeated  ;  in  the  Echinoderms  as  the  so- 
called  ambulacral  brains  or  nerves,  which  are  foimd  in  the  arms  and 
are  connected  together  by  a  circumoral  nervous  commissure  contain- 
ing ganglion  cells  (fig.  75). 

In  the  second  type  the  nervous  system,  in  the  simplest  cases, 
consists  of  an  unpaired  or  paired  ganglionic  mass  placed  in  the 
anterior  part  of  the  body  above  the  pharynx,  and  kno\STi  as  the 
supra-cesophageal  ganglion  or  brain.  From  this  centre  radiate  in 
the  simplest  cases  (Turbellaria)  nerves  whifch  have  a  bilaterally  sym- 
metrical distribution,  and  of  which  two  are  larger  than  the  others, 
and  take  a  lateral  course  (fig.  76). 


Fig.  75. — Diagram  of  tlie  nervous  sys- 
tem of  a  star-fish.  N,  nerve  ring 
which  connects  together  the  five  am- 
bulacra! centres. 
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At  a  higher  stage  of  development  a  circum-pharyngeal  nerve  ring 
is  developed.  With  the  commencing  segmentation  of  the  body  the 
number  of  ganglia  increases,  and  in  addition  to  the  brain  there  is 
present  a  ventral  nervous  system  consisting  either  of*  ventral  cord 


Fig.  76. — Alimentary  canal  and 
nsrvous  system  of  Mesosto- 
mum  Ehrenbergi  (after  Graff). 
(?,  the  paired  cerebral  ganglia 
with  two  eye-spots ;  St.  one 
of  the  two  main  lateral  nerves ; 
i),alimentary  canalwithmouth 
and  pharynx. 


A 


/ 
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Fig.  77.— Nervous  system  of 
the  larva  of  Coccinella 
(after  Ed.  Brandt).  G,  sii- 
pra-oesophageal  ganglion 
or  brain ;  Gfr,  frontal 
ganglion ;  Sr/,  subcBso- 
phageal  ganglion  ;  G',-G", 
the  eleven  ganglia  of  the 
ventral  chain  of  thorax 
and  abdomen. 


Fig.  78. — Nervous  system 
of  adult  Coccinella  (after 
Ed.  Brandt).  Ag,  optic 
ganglion.  The  other  letr 
ters  as  in  fig.  77. 


(Gephyrea)  or  of  a  ventral  chain  of  ganglia,  which  may  have  ,a 
homonomous  (Annelids)  or  heteronomous  (Arthropods)  arrangement 
(figs.  77  and  78).    The  concentration  of  the  nervous  system  begun 
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in  the  latter  case  may,  by  the  fusion  of  the  brain  and  ventral  cord, 
be  cai'i'ied  to  a  still  further  extent,  so  that  in  many  cases  (numerous 
Arthropods)  only  a  sub-oesophageal  ganglion  is  present.    In  Molluscs, 

animals  in  which  segments  are  not  de- 
veloped, the  suboesophageal  ganglion  is 
represented  by  the  pedal  ganglion,  and 
there  is  in  addition  a  third  pair  of  ganglia 
constituting  the  visceral  ganglia  (fig.  55). 
In  Vertebrates,  the  nervous  centres  are 
arranged  as  a  cord,  lying  on  the  dorsal 
side  of  the  skeletal  axis,  and  known  as 
the  spinal  cord,  the  segmentation  of  which 
is  indicated  by  the  regular  repetition  of  the 
spinal  nerves. 

This  cord,  which  is  traversed  by  a 
central  canal,  is  anteriorly  widened  and 
(except  in  Amphioxus)  differentiated  into 
a  complicated  ganglionic  apparatus,  the 
brain  (fig.  79). 

The  so-called  sympathetic  or  visceral 
nervous  system  appears  in  the  higher 
animals  (Vertebrata,  Arthropoda,  Hiru- 
dinea,  etc.)  as  a  comparatively  indepen- 
dent part  of  the  nervous  system.  It 
consists  of  ganglia  and  plexuses  of  nerves 
which  stand  in  connection  with  the 
central  nervous  system,  but  are  not  under 
the  direct  control  of  the  will  of  the 
animal.  They  innervate  the  organs  of 
digestion,  circulation,  respii'ation,  and 
generation,  and  they  can  carry  on  their 
functions  for  a  longer  or  shorter  time 
after  destruction  of  the  sensory  and  motor 
centres.  In  the  Vertebrata  (fig.  80), 
the  system  of  visceral  nerves  consists  of  a 
double  chain  of  ganglia,  placed  on  each 
side  of  the  vertebral  column  and  con- 
nected with  the  spinal  nerves  and  the 
spinal-like  cranial  nerves,  by  connecting  branches,  the  rami 
communicantes.  The  ganglia  correspond  in  number  with  the  above- 
mentioned  spinal  and  cranial  nerves,  and  they  send  nerves  to  the 


Fig.  79— Brain  and  spinal  cord 
of  a  pigeon.  //,  cerebral 
hemispheres  ;  Ch,  optic  lobes  ; 
C,  cerebellum;  Mo,  medulla 
oblongata.  Sji,  spinal  nerves. 


SENSE  OEGANS. 


83 


blood  vessels  and  viscera,  which  there  form  a  complicated  network 
of    nervous  fibres 
containing "  here  and 
there  ganghon  cells. 

The  nervous  sys- 
tem possesses  further 
peripheral  apparatus, 
the  sense  organs,  the 
function  of  which  is 
to  bring  about  the 
perception  of  certain 
conditions  of  the 
outer  world  as  im- 
pressions of  a  definite 
mode  of  sensation 
(specific  energy  of 
nerves*  Joh.  Miiller). 

These  peripheral 
organs  usually  have 
the  form  of  peculiarly 
arranged  aggrega- 
tions of  hair-shaped 
or  rod-shaped  nerve 
terminations  ( h  a  i  r  - 
cells,  rod-cells  of  sen- 
sory epithelium)  con- 
nected by  fibrillse 
with  ganglion  cells, 
through  which  under 
the  action  of  external 
influences  a  move- 
ment of  the  nervous 
substance  is  set  up, 
which  travels  to  the 
central  organ  and 
there    affects  con- 


*  In  opposition  to  the 
rlif¥erences  in  the  quali- 
ties of  the  sensations 
produced  by  each  indi- 
vidual sense  organ 
(colour,  tone). 


Pig.  80.— Nervous  system  of  the  frog  (after  Ecker).  01 
olfactory  nerves ;  O,  eye  ;  Op,  optic  nerve  ;  Vg,  Gasseriai' 
ganglion  ;  Xg,  ganglion  of  vagus  ;  Spn  1,  first  spinal  nerve  ; 
Br,  brachial  nerve  ;  Sg\-\Q,  the  ten  ganglia  of  the  sym- 
pathetic system.  '  Js,  ischial  nerve. 
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sciousness  as  a  specific  sensation.  To  these  end-cells  there  are  often 
added  cuticular  structures,  whose  function  is  to  communicate  the 
external  movement  to  the  nervous  substance  (retinal  rods). 

The  special  sensations  have  quite  graduiilly  been  developed  from 
the  general  sensations  (comfort,  discomfort,  pleasure,  pain),  i.e., 
nerves  of  special  sense  have  been  derived  from  sensory  nerves  which 
have  acquired  a  special  form  of  peripheral  termination,  and  so 
become  accessible  to  a  special  stimulus  with  wliich  the  special 
sensation  is  always  associated.  But  it  is  not  till  a  higher  stage  of 
development  is  reached  that  the  sense-perceptions  can  be  compared 
according  to  the  nature  of  the  sensations  with  those  of  our  own  body. 
We  can  estimate  the  sense  energies  of  the  lower  animals  exceedingly 

vaguely,  and  only  by  the 
g.  insufficient  method  of  com- 

paring them  with  our  own 
sensations ;  and  it  Ls  certain 
that  among  the  lower  ani- 
mals there  are  many  forms 
of  sensation  of  which  we, 
in  consequence  of  the  spe- 
cialised nature  of  our  own 
senses,  can  have  no  concep- 
tion. 

Probably  of  all  the 
senses,  that  of  touch  is  the 
most  widely  distributed, 
and  with  this  we  certainly 
often  see  a  number  of 
special  sensations  united. 
It  is  generally  distributed 
over  the  whole  surface  of  the  body ;  frequently,  however,  it  is  con- 
centrated on  processes  and  appendages  of  it.  Probably  the  tentacular 
appendages  of  the  Ccelenterata  and  Echinodermata  have  this  signifi- 
cance. In  the  Bilateralia  with  a  differentiated  head  there  are 
contractile  or  stiff  segmented  processes  on  the  head,  the  antennae,  or 
feelers  which  in  the  worms  are  repeated  as  paired  cirri  on  every 
segment  of  the  body.  It  is  often  possible  to  trace  special  nerves 
to  the  skin  and  to  find  touch  organs  containing  their  endings.  In 
the  Arthropoda  the  ganglionic  end-swelling  of  a  tactile  nerve  usually 
lies  beneath  a  cuticular  appendage,  such  as  a  bristle,  which  transmits 
the  mechanical  pressure  on  its  point  to  the  nerve  (fig.  81). 


Fig.  81. — Nerves  with  ganglion  cells  (G)  beneath  a 
tactile  bristle  {Tb)  from  the  skin  of  Oorethra  larva. 
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In  the  Primates  amongst  the  Mammalia  there  are  present  papillae 
in  the  skin  (especially  on  the  volar  surface)  in  which  the  structures 
known  as  touch-hodies,  containing  the  termination  of  tactile  nerves, 
are  placed  (fig.  82). 

In  addition  to  the  general  sensibility  and  the  tactile  sensations, 
the  higher  animals  possess,  as  a  special  form  of  sensibility,  the 
capacity  of  distinguishing  different  temperatures. 

The  sensations  of  sound  are  produced  through  an  organ,  the 
auditory  organ,  which. is,  in  a  certain  measure,  a  special  modification 
of  a  tactile  organ.  The  auditory  organ  in  its  simplest  form  appears 
as  a  closed  vesicle  filled  with  fluid  [Endolymph)  and  one  or  more 
calcareous  concretions  (otoliths) ;  and  containing  in  its  walls  rod  or 
hair  cells  in  which  the  nerve  fibrillse  end  (fig.  83).  Sometimes  the 
vesicle  lies  on  a  ganglion  of  the  central  ner- 
vous system  (Worms),  sometimes  at  the  end 
of  a  shorter  or  longer  nerve,  the  auditory 
nerve  (Molluscs,  Decapoda).  In  many  aqua- 
tic animals  the  vesicle  may  be  open  and  its 
contents  communicate  directly  with  the  exter- 
nal medium,  in  which  case  the  otoliths  may 
be  represented  by  small  particles  such  as  sand- 
grains  which  have  entered  it  from  the  exterior 
(Decapod  Ci"ustaceans).  In  Molluscs  a  deli- 
cate sensory  epithelium  (macula  acustica,  fi.g. 
83  Cz,  Hz.),  marks  the  percipient  portion  of 
the  inner  wall  of  the  vesicle ;  while  in  Crus- 
tacea the  fibres  of  the  auditory  nerve  end  in 
cuticular  rods  or  hairs  which  project  from  the 
wall  of  the  vesicle,  and,  like  the  olfactory  hairs  of  the  antennfe, 
bring  abovit  the  nervous  excitations.  In  the  Yertebrata  not  only 
does  the  auditory  vesicle  obtain  a  more  complicated  form  (mem- 
branous labyrinth),  but  there  are  also  added  to  it  apparatuses  for 
conducting  and  magnifying  the  sound  (fig.  84).  The  tympanum  of 
Ajrideidte  and  Locustidaj,  which  is  generally  looked  upon  as  an 
auditory  organ,  is  built  upon  quite  a  different  type,  since  here, 
instead  of  a  vesicle  filled  with  fluid,  air  cavities  serve  for  the  action 
of  the  sound  waves  on  the  nei-ve-endings. 

The  visual  organs  or  eyes*  are,  after  the  tactile  organs,  the 
most  widely  distributed,  and  indeed  are  found  in  all  possible  stages 

*  Cf.  R.  Leuclvart,  "  ^rpanolosie  des  Auges,"  Graefe  and  Samisch,  Hancl- 
buch  (ler  Ophthalmologic,  Bd,  II. 


Fig.  82.— Tactile  papUla 
from  the  volar  surface 
with  the  touch  corpuscle 
and  its  nerve  N. 
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of  perfection.  In  the  simplest  cases  they  are  known  as  eye-n])ols,  and 
consist  of  irritable  protoplasm,  i.e.,  nervous  substance,  containing  pig- 
ment granules ;  and  in  this  form  tliey  are  perhaps  scarcely  capable 
of  distinguishing  light  from  darkness,  but  are  only  susceptible  to  the 
warm  rays.  It  is  hardly  possible  to  conceive  that  pigment  is  indis- 
pensable for  the  sensation  of  light,  because  there  are  many  eyes  of 
complicated  structure  from  which  pigment  may  be  altogether  absent. 
The  view,  however,  according  to  which  the  pigment  itself  is  sensitive 
to  light,  i.e.,  is  chemically  changed  by  the  light  waves  and  transmits 
the  excitation  produced  by  these  movements  to  the  protoplasm  or 


Fig.  83 — Auditory  vesicle  of  a  Heteropod  (Pterotrachea).  N,  acoustic  nerve  ;  Ot,  otolith 
the  fluid  of  the  vesicle  ;  Wz,  ciliated  cells  on  the  inner  wall  of  the  vesicle  ;  Hz,  auditory 
cells  ;  Cz,  central  cell. 

the  adjacent  nervous  substance  cannot  in  itself  be  contradicted,  but 
it  is  by  no  means  clear  that  such  changes  are  produced  by  the  light 
rays  as  opposed  to  the  heat  rays.  Of  greater  importance  in  this 
relation  appears  the  special  nature  of  the  nerve  endings,  through 
which  certain  movements,  progressing  in  regular  waves,  the  so-called 
ether  waves,  are  transmitted  to  the  nerve  fibres  and  give  rise  to  a 
stimulus  which  travels  to  the  central  organ  and  is  by  it  perceived 
as  light.  In  all  cases  in  which  in  the  lower  animals  specific  nerve 
endings  cannot  be  made  out,  we  have  probably  only  to  do  with  a 
forerunner  of  the  eye,  consisting  merely  of  the  pigmented  termina- 
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tion  of  a  cutaneous  nerve  which  is  sensitive  only  to  gradations  of 
temperature.  Although  the  sensation  of  light  is  the  function  of  the 
nerve  centre,  the  rods  and  cones  at  the  end  of  the  optic  nerve 
fibres  are  the  elements  which  convert  the  external  movement  of  the 
ether  waves  into  an  excitation  of  the  optic  nerve  fibres  adequate 
for  the  production  of  the  sensation  of  light. 

For  the  perception  of  an  image  refractile  apparatuses  in  front  of 
the  terminal  expansion  of  the  optic  nerve  (retina)  are  necessary; 
and  further,  the  elements  of  the  latter  must  be  sufficiently  isolated 
to  admit  of  the  stimuli  set  up  in  them  being  carried  as,  separate 
movements  to  the  nerve  centre.    Instead  of  a  general  sensation  of 
light  a  complex  sensation  made  up  of  many  separate  perceptions  is 
pi-oduced,  which  corre- 
spond in  position  and 
quality  with  the  parts  of 
the  exciting  source.  For 
the  refraction  of  the  hght 
convex  and  often  lens- 
shaped   thickenings .  of 
the  body  covering  (cor- 
nea,  corneal  lens) 
through  which  the  rays 
pass  into  the  eye,  are 
developed  ;  refractile 
bodies   are   also  found 
behind  the  cornea  (lens, 
crystalline  cone).  The 
rays    diverging  from 
the    various    parts  of 
the  source   of  the 
light  are,  by  means  of  the  refractile  media,  collected  and  brought 
to  corresponding  foci  on  the  retina  or  peripheral  expansion  of  the 
optic  nerve,  which  consists  of  the  rod-shaped  ends  of  the  nerve  fibres 
and  some  more  or  less  complicated  ganglionic  structures.    Lately,  in 
consequence  of  the  discoveiy  of  the  visual  purple  *  in  the  outer 
segments  of  the  rods,  it  has  been  attempted  to  reduce  the  excitation 
of  the  end  apparatus  of  the  optic  nerve  to  a  photo-chemical  process 
taking  place  in  the  retina.    The  fact  that  the  diffuse  pigment 
(visual  purple)  of  the  outer  segments  of  the  rods  is  bleached  by  the 

*  In  addition  to  the  older  works  of  Krohn,  H.  Mliller,  M.  Schultze,  of.  Boll 
Sitzungsberichte  der  Akad.  Berlin,  1876  and  1877,  also  Ewald  and  Kiihne. 


Fig.  84.— Diagram  of  the  auditory  lalDjrrinth.  .1.  of  a 
fish.  II.  of  a  bird.  III.  of  a  mammal  (after  Wal- 
deyer).  U,  utricle  with  the  three  semicircular  canals  ; 
S,  saccule ;  US,  alveus  communis  ;  C,  cochlea  ;  L,  la- 
gena ;  R,  aqueductus  vestibuli ;  Cr,  canalis  reuniens. 
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action  of  light  is  of  the  highest  interest,  but  it  cannot  be  taken  as 


proving  a  direct  participation  of  the  visual  pu,-ple  in  the  visual 
process,  inasmuch  as  the  visual  purple  is  not  present  in  those  parts 
of  the  eye  in  whicli  alone  a  distinct  image  is  formed,  viz.,  the  macula 
lutea  and,  generally,  the  outer  segments  of  the  cones. 

The  pigment  of  the  eye  seems  to  be  of  importance  for  absorbing 
the  superfluous  rays  of  light  which  would  be  injurious  to  the  pei- 
ception  of  an  image.  It  is  distributed  partly  immediately  outside 
the  retina,  foi-ming  the  choroid  coat  of  the  eye,  which  extends  also 
inwards  between  the  individual  retinal  elements ;  and  partly  in  front 
of  the  lens,  giving  rise  to  a  transversely  placed  curtain,  the  iris 

which  is  pierced  by 
an  opening,  the  piq/il, 
capable  of  contrac- 
ting and  dilating.  In 
the  higher  grades  of 
development  the 
whole  eye  is,  as  a 
rule,  enclosed  in  a 
hard,  connective  tis- 
sue coat,  the  sclerotic, 
and  thus  marked  off 
as  an  eye  bulb. 

The  arrangements 
by  which  the  shining 
points  of  an  object 
act   in   regular  ar- 


FiG  8i-.— Diagrammatic  representation  of  the  compound  eye 
of  aLibelliila.  C,  cornen, ;  K,  crystalline  cone  ;  P,  pigment ; 
S,  nerve  rods  of  retina  ;  Fl>,  layer  of  fibres  :  Gz,  layer  of 
ganglion  cells ;  Sf,  retinal  fibres ;  Fi:,  crossing  of  fibres. 


rangement  on  corre- 


sponding points  of  the 
optic  nerve  and  so  render  possible  the  perception  of  an  image  vary, 
and  are  closely  dependent  upon  the  whole  structure  of  the  eye. 
Leaving  out  of  consideration  the  simplest  eyes,  such  as  we  find  in 
Worms  and  the  lower  Crustacea,  two  types  of  eye  are  to  be  distin- 
guished. 

1.  The  first  form  occurs  in  the  so- called  facetted  eyes*  (figs.  85  & 
86)  of  Arthropods  (Crustacea  and  Insects).  The  retina  of  such  eyes 
has  a  hemispherical  form,  the  convex  surface  being  directed  out- 
wards, and  consists  of  large  compound  nerve  rods,  the  retinulaj 


*  See  Job.  Mliller,  "Zur  vergleichondon  Pliysiolo3;ie  des  Gesichtssinne?," 
Leipzig,  1820).  H.  Grenadier,  Uutersuciiungen  iiber  das  Schorgan  der  Arthro- 
podeu,"  Gcittingen,  1879. 
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which,  following 


-if. 


(figs.  85  &  86  7?/  tfc  H),  which  are  separated  from  one  another  by 
pigment  sheaths.  In  front  of  these  rods  are  placed  the  strongly 
refractile  crystalline  cones  (k),  and  in  front  of  these  again  the  lens- 
shaped  corneal  facets  (6^  c6  F). 

The  eye  is  enclosed  by  a  firm  chitinous  layer, 
the  sheath  of  the  entering  optic  nerve,  surrounds 
its  soft  parts  and  reaches  as  far  as  the  cornea. 
That  part  of  the  eye  which  is  known  as  optic 
nerve  corresponds  in  a  great  measure  to  the  retina 
itself,  and  contains  a  layer  of  ganglion  cells  and  of 
nerve  fibres. 

A  reversed  and  reduced  picture  of  the  object 
is  thrown  behind  each  convex  corneal  facet  (lying 
far  from  the  sensitive  layer  of  nervous  rods),  and 
only  the  perpendicular  rays  can  be  perceived  since 
all  the  others  are  absorbed  by  the  pigment.  Ac- 
cordingly the  light  impressions  caused  by  these 
axial  rays,  whose  number  corresponds  with  the 
separate  nerve  rods,  form  a  mosaic  on  the  retina 
which  repeats  the  arrangement  of  the  parts  of  the 
external  object  emitting  light.  The  picture  which 
is  here  formed  lacks,  however,  brilliancy  and  dis- 
tinctness. 

2.  The  second  form  of  eye,  which  is  widely  distri- 
buted in  the  animal  kingdom  (the  simple  eye. 
Annelids,  Insects,  Arachnida,  Molluscs,  Verte- 
brates) corresponds  to  a  globular  camera  obscura 
with  collecting  lenses  (cornea,  lens)  on  its  exposed 
anterior  wall  on  which  the  light  falls  and  usually 
Avith  additional  dioptric  m:edia  filling  the  optic 
chamber  (vitreous  humour.)  The  simple  eye  of 
Insects  seems  to  have  originated  from  the  simple 
metamorphosis  of  part  of  the  integument,  beneath 
which  are  placed  the  end  organs  of  the  optic  nerve 
(fig.  87).  The  cuticular  covering  (CL)  projects  as  a 
lens-shaped  thickening  into  the  subjacent  layer  of 
transparent,  elongated,  hypodermis  cells  {Gk), 
within  which  are  placed  elongated  rod-like  nerve- 
cells  with  refractile  cuticular  portions,  closely  aggregated  to  form  a 
retina  (fig.  87  Hz).  The  hypodermis  cells  surrounding  the  edge  of 
the  lens  are  filled  with  pigment,  and  form  an  iris-like  dark  ring 


Fig.  86.— Three  fa- 
cets -with  retinulfe 
from  the  com- 
pound eye  of  a 
cockchafer  (after 
Grenacher) .  The 
pigment  has  been 
dissolved  avray 
from  two  of  them. 
F,  corneal  facet. 
Jl,  crystalline 
cone.  P,  pigment 
sheath.  P',  chief 
pigment  cell.  P", 
pigment  cells  of 
the  second  order. 
Jt,  retinuliE. 
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through  the  opening  in  which  the  rays  of  light  enter  the  eye  to  fall 
on  the  terminal  segments  of  the  retinal  cells  (fig.  87), 

In  the  more  highly  developed  forms  of  this  type  of  eye,  especially 
in  the  Vertebrate  eye,  the  peripheral  portion  of  the  optic  nei-ve 
spreads  out  so  as  to  form  a  cup-shaped  nervous  membrane,  the  retina, 
placed  immediately  behind  the  refractile  media  and  surrounded  by  a 
vascular  pigmented  membrane,  the  choroid.  The  choroid,  again,  is 
surrounded  by  a  tough  supporting  membrane  composed  of  fibrous 
connective  tissue,  and  known  as  the  sclerotic,  which  is  continued  over 
the  anterior  part  of  the  eye,  i.e.,  that  part  through  which  the  light 
passes,  as  a  thinner  transparent  membrane.  Of  the  I'efi-actile  media 
which  are  placed  behind  the  cornea  and  fill  the  cavity  of  the  optic 

bulb,  viz.,  the  aque- 
ous humour,  the  lens 
(fig.  88  L),  the  vitre- 
ous humour  (Gl),  the 
lens  is  the  most 
powerful.  Grasped 
by  the  thickened 
muscular  anterior 
part  of  the  choroid 
(the  ciliary  body  (Cc) 
and  ciliary  processes), 
the  peripheral  part 
of  its  anterior  face  is 
covered  by  a  forward 
continuation  of  the 
choroid,  the  iris  (Jr), 
which,  as  a  ring-like 
contractile  border, 
forms  a  kind  of  diaphragm  perforated  by  a  central  contractile  opening, 
the  pupil,  through  which  the  light  enters  the  eye  (fig.  88).  The 
reversed  image  which  is  formed  in  the  hinder  part  of  the  Vertebrate 
eye  on  the  cup-shaped  retina  has  a  very  considerable  brilliancy  and 
definition. 

The  eyes  of  many  Cephalopods  may  ,  be  looked  upon  as  a  modifica- 
tion of  this  type  of  eye.  In  the  eye  of  Nautilus  the  lens  is  absent, 
and  the  light  enters  through  a  small  opening.  In  this  case  a 
reversed,  but  not  brilliant,  image  is  formed  on  the  retina  placed  on 
the  hinder  wall  of  the  eye. 

To  enable  the  eye  to  see  clearly  objects  in  different  directions  and 


Fig.  87.— Transverse  section  through  the  simple  eye  of  a 
beetle  larva  (.partly  after  Grenacher).  CL,  corneal  lens  ; 
G!c,  the  subjacent  hypodermis  cells,  the  vitreous  humour 
of  Authors  ;  P,  pigment  in  the  peripheral  cells  of  the  lat- 
ter ;  Sz,  retinal  cells.   St,  cuticular  rods  of  the  latter. 
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at  different  distances,  special  apparatuses  for  its  movement  and 
accommodation  are  necessary.  They  are  represented  by  muscles  which 
can  in  the  former  case  move  the  optic  bulb  and  modify  the  direction 
of  sight  in  obedience  to  the  will  of  the  animal,  and  in  the  latter  act 
upon  the  refractile  media,  and  vary  their  relation  to  the  retina.  In 
many  compound  eyes  (Decapod  Crustacea)  that  part  of  the  head  on 
which  the  eye  is  placed  is  prolonged  so  as  to  give  rise  to  a  movable 
stalk-like  process,  which  bears  the  eye  at  its  extremity.  The  eyes  of 
Vertebrata  possess  in  addition  special  protective  arrangements,  e.g., 
eyelids,  lacrymal  glands. 

The  position  and  number  of  the  eyes  present  very  great  variations 
amongst  the  lower  animals. 
The  paired  arrangement  on 
the  head  appears  to  be  the 
general  rule  among  the  higher 
animals ;  nevertheless  visual 
organs  sometimes  occur  on 
parts  of  the  body  far  removed 
from  the  brain,  as  for  instance, 
in  Euphausia,  Pecten,  Spondy- 
lus,  and  certain  Annelids 
(Sabellidse).  In  the  Radiata 
the  eyes  are  repeated  at  the 
periphery  of  the  body  in  each 
radius.  In  the  star  fishes 
they  lie  at  the  extreme  end 
of  the  ambulacral  furrow  at 
the  tip  of  the  arms,  in  the 
Acalephse  as  the  marginal 
bodies  on  the  edge  of  the 
umbrella. 

The  sense  of  smell  appears  to  be  less  widely  distributed.  Its  func- 
tion is  to  test  the  quality  of  gaseous  matters  and  to  produce  in 
consciousness  the  special  form  of  sensation  known  as  "  Smell."  This 
sense  in  aquatic  animals  which  breathe  through  gills  cannot  be  sharply 
marked  off  from  that  of  taste.  The  small  pits,  standing  in  connec- 
tion with  nerves  and  provided  with  an  epithelial  lining  of  hair-bearing 
sense  cells  are  to  be  looked  upon  as  the  simplest  form  of  olfactory 
organ  (Medusae,  Heteropoda,  Cephalopoda).  Nevertheless  scattered 
hair  cells  (Lamellibranchiata)  may  also  have  to  do  with  the  same 
sensation.     In  the  Arthropoda  the  cuticular   appendages  of  the 


Pig.  88.— Transverse  section  tbrough  the  human 
eye  (after  Arlt).  C,  cornea ;  L,  lens ;  Jr,  iris 
with  pupil ;  Cc,  ciliaiy  body ;  Qi,  vitreous 
humour ;  R,  retina  ;  8a  sclerotic  ;  Ch,  choroid. 
Ml,  macula  lutea ;  Po,  papilla  optica;  i\'o, 
optic  nerve. 
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antennse  in  which  tlie  gangliated  swollen  extremities  of  nerves  occur 
are  to  be  explained  as  olfactory  fibres.  In  the  Ver-tebrata  the 
olfactory  organ  usually  has  the  form  of  a  paired  pit  or  cavity  placed 
on  the  under  surface  of  the  head  (nasal  cavity),  on  the  walls  of  which 
the  ends  of  the  olfactory  nerve  are  distributed.  The  higher  air-  • 
breathing  Vertebrata  are  distinguished  by  the  fact  that  in  them  this 
cavity  communicates  with  the  pharynx,  and  by  the  great  surface 
extension  (in  a  confined  area)  of  the  much-folded  olfactory  mucous 
membrane.    The  fibres  of  the  olfactory  nerve  terminate  in  delicate 

elongated  cells,  befiring 
rods  or  hairs  and  placed- 
between  the  epithelial  cells 
of  this  mucous  membrane. 

The  special  sense  of  taste 
is  confined  to  the  mouth 
and  pharynx.  Its  function, 
from  what  we  know  of  the 
higher  organisms,  is  to  test 
the  quality  of  fluid  sub- 
stances, and  to  bring  about 
the  special  sensation  of 
taste.  The  presence  of  this 
sense  can  be  demonstrated 
with  certainty  in  the  Ver- 
tebrata, and  it  is  connected 
with  the  distribution  of  a 
special  nerve  of  taste,  the 
glossophar'yngeal,  which  in 
man  supplies  the  tip,  edges. 
If,  nerve;  Gk,  taste  buds  in  the  side-waU  of  the    ^nd  root  of  the  tongue  and 

papOla,  Pc.  b,  isolated  taste  bud  from  the  lateral  ^Iso  parts  of  the  Soft  palate, 
taste  orsjans  of  a  rabbit,    c,  isolated  supporting  .        .  ,  . 

cells  (2)z)  and  sense  Cells  (&)  from  the  same.  making  these  parts  Capable 

of  the  taste  sensation. 

The  so-called  taste-buds  found  in  special  papillae  (papillse  circum- 
vallataj),  with  their  central  fibre-Hke  cells,  are  explained  as  the 
percipient  organs  of  this  sense  (fig.  89  a,  h,  c).  Taste  is,  as  a  rule, 
connected  with  the  tactile  and  temperature  sensations  of  the  buccal 
cavity,  and  also  with  the  olfactory  sensations.  Finally,  special  organs 
of  taste  appear  to  be  present  also  in  the  Molluscs  and  Arthropods  as 
a  specific  sensory  epithelium  at  the  entrance  to  the  buccal  cavity. 

In  the  lower  animals  the  taste  and  olfactory  organs  are  still  less 


a 


Fig.  89.— rt  Transverse  section  through  a  cn-cum' 
\-allate  papilla  of  a  calf  (after  Th.  W.Engehnann). 
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clearly  distinguishable  than  in  the  higher,  and  there  are  numerous 
senses  of  an  intermediate  character  for  the  purpose  of  testing  the 
surrounding  medium. 

The  sense-organs  of  the  lateral  line  of  Fishes  and  Salamanders,  and 
the  organs  resembling  taste-buds  of  the  Hirudinea  and  Chpetopoda 
have  been  described  as  organs  of  a  sixth  sense.  They  probably  bring 
about  certain  sensations  referring  to  the  quality  of  the  water. 

PSYCHICAL  LIFE*  AND  INSTINCT. 

The  higher  animals  are  not  only  rendered  conscious  of  the  unity 
of  their  organization  by  their  feelings  of  comfort  and  discomfort, 
pleasure  and  pain,  but  also  possess  the  power  of  retaining  residua 
of  the  impressions  of  the  outer  world  conveyed  through  the  senses, 
and  of  combining  them  with  simultaneously  perceived  conditions  of 
their  bodily  state.  In  what  manner  the  irritabiHty  of  the  lower  pro- 
toplasmic organisms  leads  by  gradual  transitions  and  intermediate 
steps  to  the  first  affection  of  sensation  and  consciousness  is  as 
completely  hidden  from  us  as  are  the  nature  and  essence  of  the 
psychical  processes  which  we  know  are  dependent  on  the  movement 
of  matter. 

We  are,  however,  justified  in  supposing  that  a  nervous  system 
is  indispensable  for  the  development  of  these  internal  conditions 
which  may  be  compared  with  that  condition  of  our  own  organization 
called  consciousness.  Again,  as  animals  have  sense-organs  capable 
of  receiving  impressions  of  definite  quality  from  external  causes, 
together  with  a  capacity  for  retaining  in  their  memory  residua  of 
their  perceptions,  and  the  power  of  connecting  them  with  present  and 
with  the  recollection  of  past  states  of  bodily  sensation  so  as  to  form 
judgments  and  conclusions,  they  possess  all  the  conditions  essential 
for  the  operation  of  the  •  intelligence ;  and,  as  a  matter  of  fact,  they 
do  manifest  in  an  elementary  form  nearly  all  the  phenomena  which 
distinguish  human  intelligence. 

The  actions  of  animals  are  not  only  voluntary,  the  result  of  experi- 
ence and  intellectual  activity,  but  are  also  largely  determined  by 
internal  impulses  which  work  independently  of  consciousness,  and 
cause  numerous,  often  very  complicated,  actions  useful  to  the  organism. 
Such  impulses  tending  to  the  preservation  of  the  individual  and  the 

*  W.  Wundt,  "  Vorlesungen  iiber  die  Menschen  und  Thierseele."    2  Bde 
Leipzig,  1863.    W.  Wundt,   "  Grundzlige  der  physiologischen  Psvchologie 
Leipzig,  1874.  ,  ^        a  , 


94      ORGANIZATION  AND  DEVELOPMENT  OF  ANIMALS  IN  GENERAL. 

species  are  called  instincts;*  and  they  are  usually  regarded  as  a 
special  property  of  the  lower  animals,  and  contrasted  with  the 
conscious  reason  of  Man.  But  just  as  the  latter  must  be  looked 
upon  as  a  higher  form  of  the  understanding  and  intellect,  and  not 
as  something  essentially  distinct  from  them,  so  a  closer  examination 
shows  that  instinct  and  the  conscious  understanding  do  not  stand  in 
absolute  contrast,  but  rather  in  a  complex  relation,  and  cannot  be 
sharply  marked  off  from  one  another.  For  if,  according  to  the 
general  view,  we  recognise  the  essence  of  instinct  in  the  unconsciov^ 
and  the  innate,  still  we  find  that  actions  which  were  at  first  performed 
under  the.  direction  of  conscious  intelligence  become,  by  constant 
practice,  completely  instinctive  and  are  performed  unconsciously; 
and  that,  in  accordance  with  the  theory  of  descent,  which  the  whole 
connection  of  natural  phenomena  renders  so  probable,  instincts  have 
been  developed  from  small  beginnings,  and  have  only  been  able  to 
reach  the  high  and  complicated  forms  which  we  admire  in  many  of 
the  more  highly  organised  animals  (Hymenoptera),  when  assisted 
by  a  certain  amount,  however  small,  of  intellectual  activity. 

Instinct  accordingly  may  be  rightly  defined  as  a  mechanism  which 
works  unconsciously,  and  is  inherited  with  the  organization,  and 
which,  when  set  in  motion  by  external  or  internal  stimuli,  leads  to 
the  performance  of  appropriate  actions,  which  apparently  are  directed 
by  a  conscious  purpose.  We  must  not,  however,  forget  that  while 
the  intellectual  activities  are  the  direct  means  whereby  higher  and 
more  complicated  instincts  arise  from  simple  ones,  they  themselves 
depend  upon  mechanical  processes.  We  may  well  suppose  that  the 
simplest  form  of  instinct  is  identical  with  the  definite  reaction  of 
living  matter  following  a  stimulus,  or,  in  other  words,  with  that 
special  form  of  molecular  change  which  is  caused  by  an  external 
action  (as,  for  instance,  the  contraction  of  an  Amoeba  when  brought 
into  contact  with  a  foreign  body). 

By  the  theory  of  partly  instinctive,  partly  intellectual  processes, 
we  may  explain  the  phenomena  of  association  in  societies  so  often 
found  among  the  higher  animals,t  i.e.,  the  association  of  numerous 

*  Compare  H.  S.  Reimarius,  "Allgemeine  Betrachtungen  iiber  die  Triebc 
der  Thiere,"  Hamburg,  1773.  P.Flourens,  "De  I'instinct  et  de  rintelligence 
desanimaux,"    Paris,  1851. 

t  The  origin  of  the  so-called  animal  stocks  with  incomplete  or  confined 
individuality  among  the  lower  animals  is  quite  diflEerent,  and  merely  determined 
by  processes  of  growth  ;  at  the  same  time  the  advantage  for  the  pr&servation 
of  the  species  gained  by  the  fusion  is  the  same.  Cf.  the  animal  stocks  of  the 
Vorticellidse,  Polyps,  and  Siphonophora,  Bryozoa  and  Tunicata. 
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individuals  into  communities— the  so-called  animal-polities — which 
may  be  complicated  by  the  division  of  labour  (Bees,  Wasps,  Ants, 
Termites). 

In  fact  here  the  combined  action  appears  to  be  mutually  assisting 
or  mutually  limiting  as  we  find  in  those  forms  the  so-called  animal 
stocks,  the  individuals  of  which  are  bound  together  by  continuity  of 
body.  The -advantages  to  be  gained  by  this  mutual  rendering  of 
service  are  not  merely  Hmited  to  the  greater  facilities  for  nourish- 
ment and  defence,  and  therefore  for  the  preservation  of  the  in- 
di\adual ;  but,  above  all,  tend  to  the  maintenance  of  the  offspring, 
and  hence  to  the  preservation  of  the  species.  It  is  for  this  reason 
that  the  simplest  and  commonest  associations,  from  which  the  more 
complicated  communities,  subdivided  by  partition  of  labour,  are 
derived,  are  generally  communities  of  both  sexes  of  the  same 
species. 

REPRODUCTIVE  ORGANS. 

On  account  of  the  limit  set  to  the  duration  of  the  life  of  every  organ- 
■  ism,  it  appears  absolutely  necessary  for  the  preservation  of  the  animal 
and  vegetable  kingdoms  that  new  life  should  originate.  The  forma- 
tion of  new  organisms  might  be  due  to  spontaneous  generation 
[generatio  equivoca) ;  and  formerly  this  was  supposed  to  take  place, 
not  only  in  the  simpler  and  lower  organisms,  but  also  in  the  more 
complicated  and  higher.  Aristotle  thought  that  Frogs  and  Eels  arose 
spontaneously  from  slime ;  and  the  appearance  of  maggots  in  putre- 
fying meat  was,  till  Redi's  time,  explained  in  the  same  manner. 
With  the  progress  of  science  the  limits  within  which  this  supposition 
could  be  applied  became  ever  narrower,  so  that  they  soon  came  to 
include  only  the  Entozoa  and  small  animals  found  in  infusions. 
Finally  it  has  been  shown  by  the  researches  of  late  years  that  these 
organisms  also  must,  for  the  most  part,  be  withdrawn  from  the  region 
of  the  generatio  equivoca;  so  that  at  present,  when  the  question  of 
spontaneous  generation  is  discussed,  it  is  only  the  lowest  organisms, 
those  found  in  putrefying  infusions,  that  are  considered.  The 
greater  number  of  investigators,*  supported  by  the  results  of 

*  Cf.  especially  Pasteur,  "  Memoire  sur  les  corpuscules  organises  qui  existent 
clans  ratmosphere"  (Ann.  des.  Sc.  Nat.),  1861  ;  also  "  Exp^nences  relatives 
aux  generations  dites  spontan^es "  (Compt.  rend,  de  I'Acad.  des  Sciences, 
tome  50). 


t)6     OllGANIZATION  AND  DEVELOPMENT  OF  ANIMALS  IN  GENERAL, 


numerous  experiments,  have  rejected,  even  for  the  latter  animals, 
the  idea  of  spontaneous  generation,  which,  however,  still  finds  in 
Pouchet*  a  prominent  and  zealous  supporter. 

Biogenesis,  as  opposed  to  abiogenesis,  or  spontaneous  generation, 
must  be  regarded  as  the  usual  and  normal  form  of  reproduction. 
Fundamentally  it  is  nothing  else  than  a  growth  of  the  organism 
beyond  the  sphere  of  its  own  individuality,  and  can  be  always  reduced 
to  a  separation  of  a  part  of  the  body,  which  develops  into  an  indi- 
vidual resembling  the  parent  organism.  Nevertheless  the  nature 
and  method  of  this  process  differ  extraordinarily ;  and  various  kinds 
of  reproduction  can  be  distinguished,  viz,,  fission,  budding  [spore- 
/o7'mation),  sexual  reproduction.-^ 

Reproduction  by  fission,  which,  with  that  by  budding  and  spore- 
formation,  is  included  under  the  term  monogenous  asexual  reproduc- 
tion, is  found  widely  scattered  in  the  lowest  animals,  and  is  also  of 
special  importance  for  the  reproduction  of  the  cell.  It  consists 
simply  of  a  division  of  the  organism  into  two  parts  by  means  of  a 
constriction  which  gradually  becomes  deeper,  and  eventually  leads  to 
the  separation  of  the  whole  body  of  the  organism  into  two  individuals 
of  the  same  kind.  If  the  division  remains  permanently  incomplete, 
and  its  products  do  not  completely  separate  from  each  other,  con- 
pound  colonies  of  animals  arise.  The  number  of  individuals  in  such 
colonies  increases  by  a  continuation  of  the  process  of  incomplete  and 
often  dichotomous  division  of  the  newly-formed  individuals  (Vorti- 
cella,  Polyp  stocks).  The  division  may  take  place  in  various  direc- 
tions— longitudinal,  transverse,  or  diagonal. 

Budding  differs  from  fission  by  a  precedent  disproportionate 
and  asymmetrical  growth  of  the  body,  giving  rise  to  a  structure 
not  absolutely  necessary  to  the  parent  organism  which  is  developed 
to  a  new  individual,  and  by  a  process  of  constriction  and  division 
becomes  independent.  If  the  buds  remain  permanently  attached 
to  the  parent,  we  have  here  also  the  conditions  necessary  for  the 
formation  of  a  colony  (Polyp  colonies).  Sometimes  the  budding 
takes  place  at  various  parts  of  the  outer  surface  of  the  body, 
irregularly  or  obeying  definite  laws  (Ascidians,  Polyps) ;  sometimes 
it  is  localised  to  a  definite  part  of  the  bddy,  separated  off  as  a  Germ- 
stock  (Salpa,  stolo  prolifer).   The  cell-layers  distinguished  as  germinal 

*  Pouchefc,  "  Nouvelles  experiences  sur  la  g6n6ration  spontan^e  et  la  resist- 
ance vitale,"  Paris,  1864.  ,   „^    ......  1 

t  Cf,  E.  Leuckart's  article,  "Zeugung"  in  K.  Wagner's  « Handworterbuch 

der  Physiologic." 
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layers  are  repeated  in  the  commencing  buds,  and  from  them  the 
organs  are  differentiated. 

The  reproduction  by  spores  is  characterised  by  the  production 
within  the  organism  of  cells,  which  develop  into  new  individuals  in 
situ  or  after  leaving  the  organism.  But  this  conception  of  spores, 
which  is  taken  from  the  vegetable  kingdom,  can  only  be  applied  to 
the  Protozoa  and  coincides  with  endogenous  cell-division.  The  cases 
of  so-called  spore-formation  amongst  the  Metazoa  (germinal  sacs  of 
Trematodes)  are  probably  identical  with  egg  formation,  and  are  to  be 
reduced  to  a  precocious  maturation  and  spontaneous  development  of 
ova  (Parthenogenesis,  Psedogenesis). 

The  digenous  or  sexual  reproduction  depends  upon  the  production 
of  two  kinds  of  germinal  cells,  the  combined  action  of  which  is 
necessary  for  the  de- 
velopment of  a  new  or- 
ganism. The  one  form  of 
germ  cells  contains  the 
material  from  which  the 
new  individual  arises,  and 
is  known  as  the  egg -cell, 
or  merely  egg  (ovum). 
The  second  form,  the 
spermrcell  {spermato- 
zoon), contains  the  ferti- 
lising material,  semen  or 
sperm,  which  fuses  with 
the  contents  of  the  egg- 
cell,  and  in  a  way  which 
is  not  understood  gives 
the  impetus  to  the  de- 
velopment of  the  egg.  The  cell  structures  from  which  the  eggs  and 
sperm  arise  are  called  sexual  organs,  for  reasons  which  will  be  evi- 
dent in  the  sequel ;  the  eggs  being  produced  in  the  female  organ  or 
ovary,  and  the  semen  in  the  male  organ  or  testis.  The  egg  is  the 
femcde,  and  the  semen  the  male  product. 

The  structure  of  the  sexual  organs  presents  extraordinary  diffe- 
rences and  numerous  grades  of  progressive  complication.  In  the 
simplest  cases,  both  products  arise  in  the  body  wall,  the  cells  of  which 
give  rise  at  determined  places  to  ova  or  spermatozoa  (CcElenterata). 
Sometimes  they  arise  in  the  ectoderm  (Hydroid-Medusre),  sometimes 
in  the  entoderm  (Acalepha,  Anthozoa).     A  similar  arrangement 
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Fis.  90.— Generative  organs  of  a  Heteropod  (Pterotra- 
chea)  after  R.  Leuckart.  a,  Male-organs ;  T,  testis- 
Vd,  vas  deferens,  b,  female  organs ;  Ov,  ovary ;  Ed, 
albumen  gland ;  iBs,  receptaculum  seminis ;  Va,  va- 
gina. 
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obtains  in  tlie  marine  Polychaeta,  in  which  the  ova  and  spermatozoa 
are  developed  from  the  epithelium  of  the  body-cjxvity  (mesoderm),  and 
dehisced  into  the  body  cavity.  Usually,  however,  special  glands,  the 
ovaries  and  testes,  are  developed,  which  perform  no  other  function 
than  that  of  secreting  ova  and  spermatozoa  (Echinodex-ms). 

As  a  rule,  however,  there  are  found  associated  with  the  male  and 
female  generative  glands  accessory  structux-es  and  a  more  or  less  com- 
plicated arrangement  of  ducts,  which  discharge  definite  functions  in 
connection  with  the  development  of  the  genei-ative  products  subse- 
quent to  their  separation  from  the  glands,  and  ensure  a  suitable 
meeting  between  the  male  and  female  elements  (fig  90),  The  ovaries 
are  provided  with  ducts,  the  oviducts,  which  are  not  rarely  derived 
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Fig.  91,  a. — The  female  organs  of  Pulex  (after  Stein).  On,  ovarian  tubes  ;  Be,  receptaculum 
eeminis ;  F,  vagina ;  Gl,  accessory  gland,  b.  The  male  generative  organs  of  a  water-bug 
(Nepa)  (after  Stein).  T,  testis ;  Yd,  vasa  deferentia ;  Ql,  accessory  glands ;  D,  ductus  ejacu- 
latorius. 

from  structures  serving  quite  another  purpose  (segmental  organs). 
The  oviducts,  in  their  course,  may  receive  glandular  appendages  of 
various  kinds  which  furnish  yolk  for  the  nourishment  of  the  ovum, 
or  albumen  to  surround  it,  or  material  for  the  formation  of  a  hard 
egg-shell  (chorion).  These  functions  may  be  sometimes  discharged 
by  the  ovarian  wall  (Insects),  so  that  the  egg  when  it  enters  the 
oviduct  has  taken  up  its  accessoiy  yolk  and  acquired  its  firm  egg- 
shell. Very  often  the  ducts  also  dischai-ge  these  various  functions, 
and  are  divided  into  coi-responding  regions  ;  they  are  often  dilated 
at  part  of  theii-  course  to  form  a  reservoir  for  the  retention  of  the 
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eegs  or  of  the  developing  embryos  (uterus).  Their  terminal  section 
presents  differentiations  subserving  fertilization  (receptaculum 
seminis,  vagina,  copulatory  pouch,  external  generative  organs).  The 
efferent  ducts  of  the  testis,  the  vasa  deferentia,  likewise  frequently 
give  rise  to  reservoirs  (vesiculse  seminales)  and  receive  glands  (pros- 
tate), the  secretion  of  which  mixes  with  the  sperm  fluid  or  surrounds 
aggregations  of  the  spermatozoa  with  a  firm  sheath  (spermatophors). 

The  terminal  section  of  the  vas  deferens  becomes  exceedingly 
muscular,  and  gives  rise  to  a  ductus  ejaculatorius,  which,  as  a  rule, 
is  accompanied  by  an  external  organ  of  copulation  to  facilitate  the 
conveyance  of  the  semen  into  the  female  generative  organs.  The 
generative    organs     present  a. 

Zd 


either  a  radial  (Coelenterata, 
Echinodermata)  or  a  bilate- 
rally symmetiical  arrangement 
(fig.  91),  a  contrast  which  is 
visible  in  the  typical  arrange- 
ment of  all  the  systems  of 
organs. 

The  simplest  and  most 
primitive  condition  of  the 
generative  organs  is  the  her- 
mcqjhroclite.  Ova  and  sper- 
matozoa are  produced  in  the 
body  of  one  and  the  same 
individual,  which  thus  unites 
in  itself  all  the  conditions 
necessary  for  the  preservation 
of  the  species,  and  alone 
represents  the  species.  Instances  of  hermaphroditism  are  found  in 
every  group  of  the  animal  kingdom.  But  they  are  especially  nume- 
rous in  the  lower  groups,  and  also  in  animals  in  which  the  movements 
are  slow  (Land-snails,  Flat-worms,  Hirudinea,  OHgochceta),  or  which 
live  singly  (Cestoda,  Trematoda),  or  in  attached  animals  which  are 
without  power  of  changing  their  position  (Cirripedia,  Tunicata, 
Bryozoa,  Oysters).  The  hermaphrodite  arrangement  of  the  gene- 
rative organs  presents  great  variation,  which,  to  a  certain  extent, 
forms  a  gradual  series  tending  towards  the  separation  of  the  sexes. 

In  the  simplest  cases,  the  points  of  origin  of  the  two  kinds  of 
generative  products  lie  close  to  one  another,  so  that  the  spermatozoa 
and  ova  meet  directly  in  the  parent  body  (Ctenophora,  Chrysaora). 


Fig.  92.— Sexual  organs  of  a  Pteropod  (OymlDulia) 
(after  Gegenbaur.)  a,  Zd,  hennapliroclite  gland 
with  conunon  duct ;  Bs,  receptaculum  seminis  ; 
^Z7,  uterus,  b,  Acinus  of  the  hei-maphrodite  gland 
of  the  same.    0,  ova  ;  8,  spermatozoa. 
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The  elements  of  both  sexes  arise  in  layers  of  cells  whicli  have  a  definite 
position  beneath  tlie  entodermal  lining  of  the  gastro-vascukr  canals, 
and  can  be  traced  back  to  growths  of  the  ectoderm.  At  a  higher 
stage  the  ovaries  and  testes  are  united  in  one  gknd,  the  hermaphrodite 
gland  (Synapta,  Pteropoda),  provided  with  a  single  duct  common  to 
the  ova  and  spermatozoa  (fig.  92),  but  which,  as  in  Helix  (fig.  93), 
may  partially  separate  into  vas  deferens  and  oviduct.  In  other  cases 
the  ovaries  and  testes  appear  as  completely  separated  glands  with 
separate  ducts,  which  may  still  open  into  a  common  cloaca  (Cestoda, 

Trematoda,  rhabdocoile 
Z,r       Turbellarians,  fig.  94),  or 
may  possess  separate  open- 
ings (Hirudinea,  fig.  95). 

Two  hermaphrodite  in- 
dividuals may,  and  this 
appears  to  be  the  rule, 
mutually  fertilise  each 
other  at  the  same  time, 
or  cases  may  occur  in  such 
hermaphrodites  in  which 
self-fertilization  is  sufficient 
for  the  production  of  off- 
spring. But  this  original 
condition  of  self-fertiliza- 
tion appears  to  be  the  ex- 
ception in  almost  all 
hermaphrodites.  In  those 
animals  in  which  the  ovary 
and  testis  are  not  com- 
pletely separated  from  one 
another  cross-fei'tilization 
is  rendered  necessary,  and 
self-fertilization  prevented 
by  the  fact  that  the  male 
and  female  elements  are  matured  at  different  times  (Snail?,  Salps). 

From  this  form  of  complete  hermaphroditism  the  generative  organs 
pass  through  a  stage  of  incomplete  hermaphroditism,  in  which, 
though  the  organs  of  both  sexes  are  present,  one  of  them  is  rudi- 
mentary, to  reach  the  dioecious  condition  in  which  the  sexes  are 
completely  separated  {Distomum  fillicolle  and  hcematohium).  Animals 
in  which  the  sexes  are  distinct  not  unfrequently  present  traces  of  an 


Fig.  93.—  Sexual  organs  of  the  Roman  Snail  (Helix 
pomatia).  Zd,  hermaphrodite  gland ;  Zg,  its  duct ; 
Ed,  albumen  gland;  Od,  oviduct  and  seminal 
groove ;  yd,  vas  deferens ;  P,  protrusible  penis ; 
Fl,  flagellum  ;  Bs,  reoeptaculum  seminis  ;  X», 
finger-shaped  gland ;  L,  Spiculum  amoris ;  Go, 
common  genital  opening. 
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of   the  male 


hermaphrodite  arrangement ;  such,  for  instance,  as  may  be  seen  in 
the  arrangement  of  the  generative  ducts  of  the  Vertebrata.  In  the 
Amphibia  both  male  and  female  generative  ducts,  which  are  secondarily 
derived  from  the  urinary  ducts,  are  developed  in  each  individual. 
The  oviduct  (Mullerian  duct)  in  the  male  atrophies,  and  is  only  repre- 
sented by  a  small  rudiment  (fig.  966,  Mg);  while,  on  the  contrary, 
in  the  female,  the  vas  deferens  (Wolffian  duct)  is  rudimentary,  or, 
as  in  Amphibia,  functions  as  the  efferent  duct  for  the  kidney  secre- 
tion (fig.  96«,  hg). 

With  the  separation 
and  female  gene- 
rative organs  in 
different  indivi- 
duals the  most 
complete  form  of 
sexual  reproduc- 
tion, so  far  as  con- 
cerns division  of 
labour,  is  reached ; 
but  at  the  same 
time  a  progressing 
dimorphism  of  the 
male  and  female 
individuals  be- 
comes apparent. 
This  is  due  to  the 
fact  that  the  or- 
ganization in  bi- 
sexual animals  is 
more  and  more 
influenced  by  the 
deviating  func- 
tions of  the  sexual 
organs,  and  with  the 
complication  of  sexual  life  becomes  modified  for  the  performance 
of  special  accessory  fvmctions  connected  with  the  production  of  ova 
and  spermatozoa. 

In  the  first  place,  the  modification  of  the  generative  ducts  of  the 
two  sexes  in  accordance  with  the  function  they  have  to  perform 
determines  the  development  of  secondary  sexual  characters  and  of 
sexual  dimorphism.    Other  organs  as  well  as  the  generative  appa- 


Fig.  94. — Generative  appara- 
tus of  a  rhabclocoee  Tur- 
bellarian  (vortex  viridis) 
(after  M.  Schultze).  T,  tes- 
tis ;  Vd,  vas  deferens ;  Vs, 
seminal  v  esicle  ;  P,  pro- 
trusible  penis ;  Ou,  ovary ; 
Va,  vagina  ;  M,  uterus  ; 
B,  yolli  gland ;  Rs,  recep- 
taculum  seminis. 


Fi&.  95.— Generative  appa- 
ratus of  the  medicinal 
leech.  T,  testis  ;  Vd,  vaa 
deferens ;  Nh,  resicula 
seminalis ;  Pr,  prostate  ; 
C,  penis  ;  Ou,  ovaries 
with  vagina  and  female 
generative  opening. 


increasing 
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ratus  present  differences  in  the  two  sexen,  being  modified  for  the 


a 


Fig.  960.— Left  iirinary  and  generative  or-  Pig.  966,  Left  ui-inary  and  generative  organs 
gans  of  a  female  Salamander  without  the  of  a  male  Salamander,  more  diagi-ammatic. 
cloaca.  Ov,  ovary ;  iV^,  kidney  ;  hg,  urin-  T,  testis  ;  Ve,  vasa  efferentia ;  iV,  kidney 
ary  duct  corresponding  to  the  Wolffian  with  its  collecting  tubules  ;  Mg,  Miille- 
duct;  i%,  Miillerian  duct  as  oviduct.  rian  duct  as  a  rudiment;   Wg,  Wolffian 

duct  or  vas  deferens ;  Kl,  cloaca  with  ac- 
cessory glands  Dr,  of  the  left  side. 


performance  of  special  functions  in  the  sexual  life.    The  female  is 
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the  passive  agent  in  copulation,  merely  receiving  the  semen  of  the 
male;   the  female  possesses  material  from  which  the  offspring 


Fig.  97a.- Male  of  Aphis  platanoides.    oc,  ocelli ;  Ilr,  honey  tubes  ;  P,  copulatory  organ. 

develop,  and  accordingly  takes  care  of  the  development  of  the 
fertilised  egg  and  of  the  later  fate  of  the  offspring.  Hence 
the  female  usually  possesses  a 
less  active  body  and  numerous 
arrangements  for  the  protection 
and  nourishment  of  her  offspring, 
which  develop  either  from  eggs 
laid  by  the  mother  and  sometimes 
carried  about  with  her,  or  in  the 
maternal  body  and  are  born  alive. 
The  function  of  the  male  is  to 
seek,  to  excite,  and  to  hold  the 
female  during  copulation ;  hence, 
as  a  rule,  he  possesses  greater 
vigour  and  power  of  movement, 
higher  development  of  the  senses, 
various  means  of  exciting  sexual 
feeling,  such  as  brighter  colour- 
ing, louder  and  richer  voice,  pre- 
hensile organs,  and  external  organs  for  copulation  (fig.  97,  a,  b). 
In  exceptional  cases,  the  functions  relating  to  the  maintenance  of 


Fig.  97i,  Apterous  oviparous  fbmale  of  the 
same. 
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tlie  ofTspring  may  be  discharged  by  the  male,  e.g.,  Alytes  and  the 
Lophobranchia.  Male  birds  also  often  share  with  the  female  the 
labour  of  building  the  nest,  of  bringing  up  and  protecting  the  young. 
But  it  is  a  rare  exception  to  find,  as  in  Cottus  and  the  Sticldebick 
(Gasterosteus),  that  the  care  and  protection  of  the  young  fall 
exclusively  upon  the  male,  that  he  only  bears  the  brood  pouch  and 
alone  builds  the  nest, — an  exception  which  bears  strong  witness  to 
the  fact  that  the  sexual  difJerences  both  in  form  and  function  were 
first  acquired  by  adaptation. 

In  extreme  cases,  the  sexual  dimorphism  may  lead  to  so  great  a 
difierence  in  the  sexes  that  without  a  knowledge  of  their  development 


Pig.  98. — Ohondracanthus  gibbosus,  magnified  about  6  times,  a,  female  from  the  side,  b, 
female  from  tlie  ventral  surface  witli  the  male  (F)  attached,  e,  male  isolated,  under  strong 
magnification.  An',  anterior  antenna  ;  An",  clasping  antennag  ;  F'  and  F",  the  two  pairs 
of  feet ;  A,  eye  ;  Ov,  egg  sacs  ;  Oe,  oesophagus  ;  U,  intestine  j  M,  mouth  parts  ;  T,  testis  ; 
Vd,  vas  deferens  ;  Sp,  spermatophore. 

and  sexual  relations,  the  one  sex  would  be  placed  in  a  different  family 
and  genus  to  the  other.  Such  extremes  are  found  in  the  Rotifera 
and  parasitic  Copepoda  (Ohondracanthus,  Lernjeopoda,  fig.  98,  a, 
h,  c),  and  are  to  be  explained  as  the  result  of  a  parasitic  mode  of  life. 

The  difference  in  the  two  kinds  of  individuals  representing  and 
maintaining  the  species,  whose  copulation  and  mutual  action  was 
known  long  before  it  was  possible  to  give  a  correct  account  of  the 
roiil  nature  of  reproduction,  has  led  to  the  designation  "sexes,"  from 
which  tho  term  sexual  has  been  taken  to  apply  to  the  organs  and 
manner  of  reproduction. 
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In  reality  sexual  reprocUiction  is  nothing  else  than  a  special  form 
of  growth.  The  ova  and  spermatoblasts  represent  the  two  forms 
of  germinal  cells  which  have  become  free,  and  which,  after  a  mutual 
interaction  in  the  process  of  fertilization,  develop  into  a  new 
organism.  Nevertheless  under  certain  conditions  the  egg  can,  like 
the  simple  germ  cell,  undergo  spontaneous  development;  numerous 
instances  of  this  mode  of  development,  which  is  known  as  parther.o- 
genesis,  are  found  in  Insects.    The  necessity  of  fertiHzation  therefore 


Fig.  99.— Viviparous  form  of  Aphis  platanoides.    Oc,  ocelli ;  Sr,  honey  tubes. 


/  no  longer  enters  into  our  conception  of  the  egg-cell,  and  no  absolute 
physiological  test  is  left  to  enable  us  to  distinguish  it  from  the  germ- 
cell.  It  is  usual  to  regard  the  place  of  origin  in  the  sextial  organ 
and  in  the  female  body  as  a  feature  distinguishing  the  ovum  from  a 
germ  cell,  but  even  with  this  morphological  test  we  do  not  in  each 
individual  case  arrive  at  the  desired  result  {Bees,  Bark-lice,  Psychiclce). 
We  have  already  given  prominence  to  the  fact  that  ovaries  and 
testes,  in  the  simplest  cases,  consist  of  nothing  more  than  groups 
of  cells  of  the  epithelium  of  the  body  cavity  or  of  the  outer  skin. 
These,  however,  do  not  acquire  the  character  of  sexual  organs  until, 
at  a  higher  stage  of  differentiation,  the  contrast  between  the  'two 
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sexual  elements  has  made  its  appearance.  When  the  male  elements, 
and  with  them  the  nece.«siLy  of  fertilization,  are  absent,  and  when,  at 
the  same  time,  the  organ  which  produces  the  germ  cells  possesses,  in 
its  full  development,  a  structure  similar  to  that  of  an  ovary,  it 
becomes  very  difficult  to  distinguish  whether  we  have  to  do  with 
a  pseudovary  (germ-gland),  and  with  an  animal  which  reproduces 
asexually ;  or  with  an  ovary  and  a  true  female,  whose  eggs  possess 
the  capacity  of  developing  spontaneously.  It  is 
only  a  comparison  with  the  sexual  form  of  the 
animal  which  makes  the  distinction  possible.  To 
take  the  case  of  the  Plant-lice  or  Aphides;  in 
these  animals  we  find  a  generation  of  viviparous 
individuals,  easily  distinguishable  from  the  true 
oviparous  females,  which  copulate  and  lay  eggs. 
They  resemble  the  latter  in  the  fact  that  they 
are  provided  with  a  similar  reproductive  gland, 
constructed  upon  the  ovarian  type ;  but  they  differ 
from  them  in  this  important  peculiarity,  that 
they  are  without  organs  for  copulation  and  ferti- 
lization (in  correspondence  with  the  absence  of 
the  male  animal)  (fig.  99).  The  reproductive  cells 
of   the  organs  known  as  have  an 

origin  precisely  similar  to  that  of  eggs  in  the  ova- 
ries, and  only  differ  from  ova  in  the  very  early 
commencement  of  the  embryonic  development. 
The  viviparous  individuals  will  therefore  be  more 
correctly  regarded  as  agamic  females  peculiarly 
modified  in  the  absence  of  organs  for  copulation 
and  fertilization ;  and  the  reproductive  cells  are 
by  no  means  to  be  relegated  to  the  category  of 
germ-cells  (as  formerly  was  done  by  Steenstrup). 
We  must  therefore  speak  of  the  reproductive  pro- 
cesses in  the  Aphides  as  being  sexual  and  partheno- 
genetic  and  not  sexual  and  asexual.  A  comparison 
of  the  mode  of  reproduction  of  the  Bark-lice  with 
that  of  the  Aphides,  especially  of  the  species  Pem- 
phigus terebinthi,  puts  the  correctness  of  this 
supposition  beyond  the  sphere  of  doubt. 
A  similar  condition  is  found  in  the  viviparous  larva  of  Cecidomyia. 
Here  the  rudiment  of  the  generative  glands  very  early  assumes  a 
structure  resembling  that  of  the  ovary,  and  produces  a  number  of 


■Tl 


Pig.  100.— Vivipa- 
roua  Cecidomyia 
(Miastor)  lai-va 
(after  Al.  Pagen- 
stecher).  Tl, 
Daughter  1  a  r  v  se 
developed  from  the 
rudimentary 
ovary. 
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reproductive  cells  which  resemble  ova  in  their  method  of  origin, 
and  at  once  develop  into  larvae.  The  pseudovary  is  clearly  derived 
from  the  rudiment  of  the  sexual  gland,  but  without  ever  reaching 
complete  development  (fig.  100).  The  ovary  acquires  to  a  certain 
extent  the  signification  of  an  organ  for  producing  germ-cells,  and 
it  is  not  improbable  that  many  products  (Bedia,  Sporoc7/st) 
regarded  as  spores  or  germ-cells  correspond  to  embryonic  ovaries 
which  produce  ova  capable  of  spontaneous  development. 


5 


Fio.  101.— Ovum  of  Nephelia  (after  O.  Herfcwig) .  a,  the  ovum  half-an-hour  after  deposition, 
a  projection  of  the  protoplasm  indicates  the  commencing  formation  of  the  first  polar  body  ; 
the  nuclear  spindle  ia  visible.  6,  The  same  an  hour  later,  with  polar  body  extruded,  and 
after  entrance  of  the  spermatozoon.  Sk,  male  pronucleus,  c,  The  same  another  hour 
later  without  egg  membrane,  and  with  two  polar  bodies  and  male  pronucleus  (Sk) ;  d,  the 
same  an  hour  later  with  approximated  female  and  male  pronuclei ;  Sk,  polar  bodies. 

DEVELOPMENT. 

It  follows  from  the  facts  of  sexual  reproduction  that  the  simple 
cell  must  be  regarded  as  the  starting-point  for  the  development  of 
the  organism.  The  contents  of  the  ovum  spontaneously  or  under 
the  influence  of  fertilization  enter  upon  a  series  of  changes,  the  final 
result  of  which  is  the  rudiment  of  the  body  of  the  embryo.  These 
changes  consist  essentially  in  a  process  of  cell  division  which  implicates 
the  whole  protoplasm  of  the  ovum,  and  is  known  as  segmentation. 
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For  a  long  time  the  behaviour  of  the  germinal  vesicle  at  the 
commencement  of  segmentation  and  its  relation  to  the  nuclei  of  the 
tirst  formed  segments  were  obscure,  and  the  knowledge  of  the  changes 
and  fate  of  the  spermatozoa  wliich  enter  the  ovum  in  the  process  of 
fertilization  was,  in  like  manner,  in  a  very  unsatisfactory  state.  Of 
late  years,  numerous  investigations,  especially  those  of  Biitschli, 
0.  Hertwig,  Fol,  etc.,  have  thrown  some  light  on  these  hitherto 
completely  obscure  processes.  It  was  supposed  that  in  a  ripe  ovum 
preparing  itself  for  segmentation  the  germinal  vesicle  disappeared, 


a 


Fig.  102,  a,  5.— Parts  of  the  ovum  of  Asterias  glacialis  with  spermatozoa,  embedded  in 
the  macilaginous  coat  (after  H.  Fol.)  e,  upper  part  of  the  ovxim  of  Petromyzon  (after 
Calberla).  Am,  micropyle  ;  Sp,  spermatozoa;  Jm,  path  of  the  spermatozoon;  Ek,  female 
pronucleus ;  Eh,  membrane  of  ovum  ;  Ehz,  prominences  of  the  same. 

and  a  new  nucleus  was  formed  quite  independently  of  it ;  and  that  the 
persistence  and  the  participation  of  the  germinal  vesicle  in  the  for- 
mation of  the  nuclei  of  the  first  segmentation  spheres  were  exceptional 
(Siphonophora,  Entoconcha,  etc.)  Thorough  investigations  carried 
out  on  the  eggs  of  numerous  animals  have,  however,  shown  that  as 
a  matter  of  fact  the  germinal  vesicle  of  the  ripe  ovum  only  experi- 
ences changes  in  which  the  greater  part  of  it,  together  with  some  of 
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the  protoplasm  of  the  ovum,  is  thrown  out  of  the  egg  as  the  so-called 
directive  bodies  or  polar  cells  (fig.  101),  The  part  of  it,  however, 
which  remains  in  the  ovum  retains  its  significance  as  a  nucleus,  and 
is  known  as  the  female  pronucleus.  This  fuses  with  the  single 
spermatozoon  (male  pronucleus)  which  has  forced  its  way  into  the 
ovum  (fig.  102);  and  the  compound  structure  so  formed  constitutes 
the  nucleus  of  the  fertilized  ovum,  or  as  it  is  generally  called,  the 
first  segmentation  nucleus. 
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Fig.  103.— Development  of  a  Star-fish,  Asteracanthion  berylinus  (after  Alex.  Agassiz).  1, 
Commencing  segmentation  of  the  flattened  egg— at  one  pole  are  seen  the  polar  bodies ;  2, 
stage  with  two  segments  ;  3,  with  foui- ;  4,  with  eight ;  5,  with  thirty-two  segments  ;  6, 
later  stage ;  7,  blastosphere  with  commencing  invagination ;  8  and  9,  more  advanced 
stages  of  invagination.    The  opening  of  the  gastrula  cavity  becomes  the  anus. 

This  new  nucleus,  which  divides  to  give  rise  to  the  nuclei  of  the 
first  segmentation  spheres,  would  appear  therefore  to  be  the  product 
of  the  fusion  or  conjugation  of  the  part  of  the  germinal  vesicle, 
which  remains  behind  in  the  ovum,  with  the  male  pronucleus,  which 
IS  a  derivative  of  the  spermatozoon  which  has  entered  the  ovum. 
Fertilization  would  ajypear,  therefore,  to  depend  upon  the  addition 
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of  a  neio  element  bringing  about  the  regeneration  of  the  prirmry 
nucleus  of  the  ovum  or  germinal  vesicle,  and  would  have  impressed 
its  influence  on  the  constitution  of  the  conjugated  nucleus.  The 
regenerated  ovum  is  therefore  the  starting-point  of  the  subsequent 
generations  of  cells  which  build  up  the  embryonic  body. 

Both  the  origin  of  the  polar  bodies  which  takes  place  in  the  ripe 
ovum  independently  of  fertilization,  and  the  division  of  the  segmen- 
tation nucleus  are  accompanied  by  the  appearance  of  the  nuclear 
spindle  and  star-shaped  figures  at  the  poles  of  the  spindle  Avhich  are 
so  characteristic  of  the  division  of  nuclei.  The  male  pronucleus, 
before  it  fuses  with  the  female  pronucleus,  also  becomes  surrounded 
by  a  layer  of  clear  protoplasm,  around  which  a  star-shaped  figure 
appears  (fig.  101).  In  those  cases  in  which  segmentation  takes 
place  without  a  precedent  fertilization  (parthenogenesis),  the  female 
pronucleus  appears  to  possess  within  itself  the  properties  of  the  first 
segmentation  nucleus. 

The  fertilization  is  followed  by  the  process  known  as  segmentation, 
in  which  the  ovum  gradually  divides  into  a  greater  and  greater 
number  of  smaller  cells.  Segmentation  may  be  total,  i.e.,  the  whole 
ovum  segments  (fig.  103),  or  it  may  be  j^cc^tial,  in  which  case  only  a 
portion  segments  (fig.  105). 

Total  segmentation  may  be  regular  and  equal,  the  resulting  seg- 
ments being  of  equal  size  (fig.  103)  ;  or  it  may  sooner  or  later  become 
irregular,  the  resulting  segments  being  of  two  kinds — the  one  smaller 
and  containing  a  preponderating  amount  of  protoplasm,  the  other 
larger  and  containing  more  fatty  matter.  In  these  cases  the  seg- 
mentation is  said  to  be  unequal.  The  process  of  division  proceeds 
much  more  quickly  in  the  smaller  segments,  while  in  the  larger  and 
more  fatty  segments  it  is  much  slower,  and  may  eventually  come  to 
a  complete  standstill.  The  development  of  the  frog's  egg  will  serve 
as  an  example  of  unequal  segmentation,  of  which  there  are  various 
degrees  (fig.  104),  In  this  egg  a  dark  pigmented  and  protoplasmic 
portion  can  be  distinguished  from  a  lighter  portion  containing 
much  fatty  matter  or  food  yolk.  The  former  is  always  turned 
uppermost  in  the  water,  and  is  therefore  called  the  upper  pole  of 
the  egg.  The  axis  which  connects  the  upper  pole  with  the  lower 
is  known  as  the  chief  axis.  The  planes  of  the  two  first  segmentation 
furrows  pass  through  the  chief  axis  and  are  at  right  angles  to  each 
other.  They  divide  the  egg  into  four  equal  parts.  The  thii-d 
furrow  (fig.  104,  4)  is  equatorial,  taking  place  in  a  hoi^izontal  plane, 
and  cuttino-  the  chief  axis  at  right  angles.    It  lies,  however,  nearer 
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the  upper  pole  than  the  lower,  and  marks  the  line  of  division 
between  the  upper  and  smaller  portion  of  the  egg  from  the  lower 


Fig.  104.— Unequal  segmentation  of  the  Frog's  egg  (after  Bcker)  in  ten  successive  stages. 


and  larger  portion,  in  which  the  segmentation  proceeds  much  more 
slowly  than  in  the  former. 

In  partial  segmentation  we  find  a  sharply  marked  contrast  between 
the  formative  and 
nutritive  parts  of  the 
egg,  inasmuch  as  the 
latter  does  not  seg- 
ment. The  terms 
holohlastic  and  me- 
rohlastic  therefore 
have  been  applied  to 
total  and  partial  seg- 
mentation respec- 
tively. 

Nevertheless,  in 
total  segmentation 
also,  either  groups  of 
segments  of  a  definite 
quaHty,  or,  at  any 
rate,  a  fluid  yolk 
material  may  be  used 
for  the  nourishment 
of  the  developing 
embryo.  In  fact,  the 
contents  of  every  egg  consists  of  two  parts-(l)  of  a  viscous  albu- 
minous protoplasm;  and  (2)  of  a  fatty  granular  matter,  the 
deutoplasm,  or  food  yolk.    The  first  is  derived  from  the  protoplasm 


Fig.  105.  Segmentation  of  the  germinal  disc  of  a  Fowl's  egg 
surface  view  (after  Kolliker).  A,  germinal  disc  with  the 
first  vertical  furrow  ;  B,  the  same  with  two  vertical  furrows 
crossing  one  another  at  right  angles;  C  and  B,  more  ad- 
vanced  stages  with  small  central  segments. 
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of  the  original  germinal  cell,  while  the  yolk  is  only  secondarily 
developed  with  the  gradual  growth  of  the  first ;  and  not  unfrequently 
it  is  derived  from  the  secretion  of  special  glands  (yolk  glands,  Trcnta- 
todes) ;  it  may  even  be  added  in  the  form  of  cells. 

In  the  Ctenophora  and  other  Coelenterata  we  see  already  in  the 
first-formed  segments  the  separation  of  the  formative  matter  or 
peripheral  ectoplasm  from  the  nutritive  matter  or  central 
endoplasm. 

In  eggs  undergoing  a  partial  segmentation  the  formative  matter 
usually  lies  on  one  side  of  the  large  unsegmenting  food  yolk.  In 
accordance  with  this,  the  segments  of  such  eggs,  known  as  telolecitJiul, 
arrange  themselves  in  the  form  of  a  flat  disc  (germinal  disc) ;  hence 
this  kind  of  segmentation,  has  been  called  discoidal  (eggs  of  Aves, 
Reptilia,  Pisces)  (fig.  105).  The  food  yolk  may,  however,  have  a 
central  position.    In  such  centrolecithal  eggs  the  segmentation  is 
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Fig.  106.— TJnequal  segmentation  of  the  centrolecithal  egg  of  Gammarus  locufita  (in  part  after 
Ed.  van  Beneden).  The  central  yolk  mass  does  not  appear  tiU  a  late  stage  and  undergoes 
later  an  "  after-segmentation." 

confined  to  the  periphery,  and  is  sometimes  equal  (Palaemon)  and 
sometimes  unequal  (fig.  106).  The  central  yolk  mass  may  at  fiLrst 
remain  unsegmented,  but  later  it  may  undergo  a  kind  of  after- 
segmentation  and  break  up  into  a  number  of  cells  (fig.  106).  Again, 
in  other  cases  the  food  yolk,  at  the  commencement  of  segmentation, 
has  a  peripheral  position,  so  that  the  cleavage  process  is  at  first 
confined  to  the  inner  parts  of  the  egg,  and  only  in  later  stages,  when 
the  food  yolk  has  gradually  shifted  into  the  centre  of  the  egg, 
appears  as  a  peripheral  layer  on  the  surface.  This  is  found  especially 
in  the  eggs  of  Spiders  (fig.  107).  The  first  processes  of  segmentation 
in  these  at  first  ectolecithal  ova  are  withdrawn  from  observation, 
since  they  take  place  in  the  centre  of  an  egg  covered  by  a  superficial 
layer  of  food  yolk,  until  the  nuclei  with  theii'  protoplasmic  invest- 
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ment  reach  the  periphery,  and  the  fatty  and  often  darkly-granular 
food  yolk  comes  to  constitute  the  central  mass  of  the  egg  (Insects). 

As  vtirious  as  the  forms  of  segmentation  are  the  methods  by  which 
the  segments  ai-e  applied  to  the  building  up  of  the  embryo.  Fre- 
quently in  cases  of  equal  segmentation  the  segments  arrange  them- 
selves in  the  form  of  a  one-layered  vesicle,  the  hlastosphere,  the 
central  cavity  of  which  not  rarely  contains  fluid  elements  of  the  food 
yolk ;  or  they  are  at  once  divided  into  two  layers  around  a  central 
cavity  containing  fluid;  or  they  form  a  solid  mass  of  cells  without 
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Fig.  107.— Six  stages  in  the  segmentation  of  a  spider's  egg  (Philodromns  limbatus)  after  Hub. 
Ludwig.  A,  egg  with  two  deutoplasmic  rosette-like  masses  (segmentation  spheres) ;  B, 
the  rosette-like  masses  with  their  centrally  placed  nucleated  protoplasm  without  'egg 
membrane  ;  C,  egg  with  a  great  number  of  rosette-like  masses ;  B,  the  rosette-Uke  masses 
have  the  form  of  polyhedral  deutoplasmic  columns,  each  of  which  has  a  cell  of  the  blas- 
toderm lying  immediately  superficial  to  it ;  E,  stage  with  blastoderm  completely  formed  ; 
F,  optical  section  through  the  same.  The  yolk  coliunns  form  within  the  blastoderm  a 
closed  investment  to  the  central  space. 

any  central  cavity.  In  numerous  cases,  especially  when  the  food 
yolk  is  relatively  abundant  (unequal  and  partial  segmentation)  or  the 
food  supply  continuous,  the  embryonic  development  is  longer  and 
more  complicated.  The  embryonic  rudiment  in  such  cases  has  at 
first  the  form  of  a  disc  of  cells  lying  on  the  yolk;  it  soon  divides  into 
two  layers,  a,nd  then  grows  round  the  yolk. 
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The  two-layered  gastrula  is,  as  a  rule,  developed  from  the  blasto- 
sphere  by  invagination  (emliolic  invagination).  In  this  process  the  one 
half  (sometimes  distinguished  by  the  larger  size  and  more  gi-anular 
nature  of  its  cells)  of  the  cell  wall  of  the  blastosphere  is  pushed 
in  upon  the  other  half  (fig.  108),  and  on  the  narrowing  of  the 
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Fig.  108. — A,  Blastosphere  of  AmphioxTis  ;  B,  invagination  of  the  same;  C,  gastrula,  invagfi- 
nation  completed  ;  O,  blastopore  (after  B.  Hatschek). 

aperture  of  invagination  (blastopore,  mouth  of  gastrula)  becomes  the 
endodermal  layer  {hypoblast)  lining  the  gastrula  cavity.  The  outer 
layer  of  cells  constitutes  the  ectoderm  or  ejjiblast.  This  mode  of 
formation  of  the  gastrula,  which  is  very  common,  is  found,  e.g.,  in 
Ascidians,  and  amongst  the  Vertebrata  in  Amphioxus  (fig.  108). 

More  rarely  the  gastrula  arises  by  delamination.  This  process 
consists  of  a  concentric  splitting  of  the  cells  of  the  blastosphere 
into  an  outer  layer  (epiblast),  and  an  inner  (hypoblast)  (fig.  109). 


Fig  109.— Transverse  sections  through  three  stages  in  the  segmentation  of  Geryonia  (after 
H  Fol )  A,  stage  with  thirty-two  segments,  each  segment  is  divided  into  an  external 
finely  granular  protoplasm  (ectoplasm)  and  an  inner  clearer  layer  (endoplasm)  ;  B,  later 
stage ;  C,  embryo  after  delamination;  with  ectoderm  slightly  separated  from  the  endoderm, 
which  is  composed  of  lavge  cells  sm-roimding  the  segmentation  cavity. 

The  central  cavity  of  the  gastrula  in  this  case  is  derived  from  the" 
original  segmentation   cavity,  and   the  gastrula   mouth   is  only 
secondarily  formed  by  perforation.    This  method  of  development 
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of  the  gasti-ula  has  hitherto  only  been  observed  in  some  hydroid 
Medus£e  (Geryonia). 

Finally,  when  the  inequality  of  the  segmentation  is  very  pro- 
nounced, the  gastrula  is  formed  by  a  process  known  as  epibole.  In 
this  process  of  development  the  epiblast  cells,  which  are  early  distin- 
guishable from  the  much  larger  hypoblast  cells,  spread  themselves 
over  the  latter  as  a  thin  layer  (fig.  110);  and  in  this,  as  in  the 
second  method  of  development  of  the  gastrula,  the  cavity  of  the 
gastrula  is,  as  a  rule,  a  secondary  formation  in  the  centre  of  the 
closely-packed  mass  of  hypoblast  cells.  The  blastopore  is  usually 
found  at  the  point  where  the  complete  enclosure  of  the  hypoblast 
is  effected. 

It  sometimes  happens  that  a  part  of  the  primary  blastosphere  is 
developed  more  rapidly  than  the  remainder,  and  gives  rise  to  a 


Pig.  110.—^,  Unequal  segmentation  of  the  egg  of  Bonellia;  B,  epibolic  gastrula  of  the 

same  (after  Spengel). 

bilaterally-symmetrical  stripe-like  thickening  placed  on  the  dorsal  or 
ventral  surface  of  the  embryo.  Frequently,  however,  such  a  germinal 
or  primitive  streak  is  not  developed,  and  the  rudiment  of  the  embryo 
continues  to  develop  uniformly.  Formerly  great  importance  was 
attached  to  these  differences,  the  one  being  distinguished  as  an 
evolviio  ex  una  parte,  and  the  other  an  evolutio  ex  omnihiis  partibus. 
It  is  not,  however,  possible  to  draw  a  sharp  line  between  these  two 
methods  of  development,  nor  have  they  the  significance  which  was 
formerly  ascribed  to  them,  for  closely  allied  forms  may  present  great 
differences  in  this  respect  according  to  the  amount  of  food  yolk  and 
the  duration  of  the  embryonic  development. 

The  Coelenterata,  the  Echinoderms,  the  lower  Worms  and  Mol- 
luscs, Annelids,  and  even  Arthropods  and  Vertebrates  (Amphioxus) 
present  us  with  examples  of  regular  development  of  all  parts  of  the 
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body  of  the  embryo  which,  if  the  yolk  membrane  fails,  has  no  need 
of  a  special  protective  envelope.  In  this  latter  group,  however,  the 
formation  of  the  germinal  streak,  which  is  in  close  relation  with 
the  formation  of  the  nervous  system,  is  accomplished  later,  during 
the  post-embryonic  development,  when  the  larva  is  free-swimming 
and  can  procure  its  own  food.  In  like  manner  many  Polychjetes 
and  Arthropods  (Branchipus)  only  acquire  a  germinal  streak  in 
the  course  of  their  later  growth  as  larvte. 

In  all  cases  in  which  the  embryonic  development  begins  by  the 
formation  of  a  germinal  streak,  the  embryo  only  becomes  definitely 
limited  after  the  yolk  has  been  gradually  surrounded,  as  a  result 
of  processes  which  are  connected  with  the  complete  entry  of  the 
yolk  into  the  body  cavity  (Frogs,  Insects),  or  with  the  origin  of  a 
yolk  sac  from  which  the  yolk  passes  gradually  into  the  body  of  the 
embryo  (Birds,  Mammals).  The  progressive  organization  of  this 
latter,  up  to  its  exit  from  the  egg  membranes,  presents  in  each 
group  such  extraordinary  variations  that  it  is  not  possible  to  give 
a  general  account  of  them. 

Of  primary  importance  is  the  fact  that  in  the  rudiment  of  the 
germ  two  cell  layers  first  make  their  appearance — one  the  ectoderm, 
which  gives  rise  to  the  outer  integument;  and  the  other  the  endoderm, 
from  which  arises  the  lining  membrane  of  the  digestive  cavity  and 
of  the  glands  opening  into  it.  Between  these  two  layers  there  is 
formed,  either  from  the  outer  or  the  inner  layer,  or  from  both  layers, 
an  intermediate  layer,  known  as  the  mesoderm.  From  the  mesoderm 
arise  the  muscular  system  and  the  connective  tissues,  the  corpuscles 
of  the  lymph  and  blood,  and  the  vascular  system.  The  body  cavity 
may  either  be  derived  from  the  persisting  segmentation  cavity,  i.e., 
the  primitive  space  between  the  ectoderm  and  endoderm  (primary 
body  cavity),  or  it  may  be  developed  secondarily  as  a  split  in  the 
mesoderm  (coelom),  or  as  outgrowths  from  the  rudiment  of  the 
alimentary  canal  (archenteron),  in  which  case  it  is  known  as  an 
enterocoele  body  cavity. 

The  nervous  system  and  organs  of  sense  are  probably  in  all  cases 
derived  from  the  ectoderm,  very  frequently  as  pit-  or  groove-Hke 
invaginations  which  are  subsequently  constricted  off.  On  the  other 
hand,  the  urinary  and  generative  organs  ai-ise  both  from  the  outer 
and  inner  layers  as  well  as  from  the  middle  layer,  which  is  itself 
derived  from  one  of  the  pi-imary  layers  or  from  the  walls  of  the 
primary  single -layered  blastosphere. 

Accordingly,  as  a  I'ule  the  rudiments  of  the  skin  and  glandular 
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lining  of  the  alimentary  canal  are  the  first  differentiations  in  the 
embryo ;  and  many  embryos,  the  so-called  Planulse  and  Gastrulas,  on 
leaving  the  egg,  have  only  these  two  layers  and  an  internal  cavity, 
the  archenteron.  Then  follows  the  development  of  the  nervous 
and  muscular  systems, — the  latter  taking  place  sometimes  contem- 
poraneously with  or  after  the  first  appearance  of  the  skeleton, — 
especially  in  cases  in  which  a  germinal  streak  is  developed.  The 
urinary  organs  and  various  accessory  glands,  the  blood-vessels  and 
I'espiratory  organs  do  not  appear  till  later. 

The  degree  of  difference  between  the  offspring  on  attaining  the 
free  condition  {i.e.,  at  birth  or  hatching)  and  the  sexually  mature 
adults,  both  as  regards  form  and  size  as  well  as  organization,  varies 
considerably  throughout  the  animal  kingdom. 

It  is  a  very  striking  fact  that  an  embryo  provided  with  a  central 
cavity  and  a  body  wall  composed  of  only  two  layers  of  cells  appears 
in  different  groups  of  animals  as  a  freely  moveable  larva  capable  of 
leading  an  independent  life.  Having  recognized  this  fact,  it  was 
not  a  great  step,  especially  as  Huxley*  some  time  ago  had  compared 
the  two  membranes  of  the  body  wall  of  the  Medusae  (called  later 
by  Allman  ectoderm  and  endoderm)  with  the  outer  and  inner 
layers  of  the  vertebrate  blastoderm  (epiblast  and  hypoblast),  to  arrive 
at  the  conclusion  that  there  was  a  similar  phylogenetic  origin  for  the 
similar  larvte  of  very  different  animal  types,  and  to  trace  back  the 
origin  of  organs  functionally  resembling  each  other  to  the  same 
primitive  structure. 

It  was  A.  Kowalewskit  who,  by  the  results  of  his  numerous 
researches  on  the  development  of  the  lower  animals,  first  gave  this 
conception  the  groundwork  of  fact.  He  not  only  proved  the  occui  - 
rence  of  a  two-layered  larva  in  the  development  of  the  Coelenteratr , 
Echinoderms,  Worms,  Ascidians,  and  in  Amphioxus  amongst  Vertt- 
brates,  but  also  on  the  ground  of  the  great  agreement  in  the  later 
developmental  stages  of  the  larvae  of  Ascidians  and  Amphioxus 
and  in  the  mode  of  origin  of  equivalent  organs  in  the  embryos 
of  Worms,  Insects,  and  Vertebrata,  protested  against  the  hitherto 
universally  received  view  implied  in  Cuvier's  conception  of  types, 
that  the  organs  of  different  types  could  not  be  homologous  with  one 
another. 

*  Thomas  Huxley,  "  On  the  Anatomy  and  Affinities  of  the  family  of  Medusae." 
Philosophical  Transactions.    London,  1849. 

t  Of.  A.  Kowalewski's  various  papers  in  the  "  Memoires  de  I'Acad.  de  Peters- 
bourg,"  on  Ctenophora,  Phoronis,  Holothurians,  Ascidians,  and  Amphioxus,  1866 
and  1867. 
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Inasmuch  as  Kowalewski,*  from  the  results  of  his  embryological 
work,  drew  the  conclusion  that  the  nervous  layer  and  embryonic  skin 
of  Insects  and  Vertebrates  are  homologous,  and  that  the  germinal 
layers  of  Amphioxus  and  Vertebrates  correspond  with  those  of 
Molluscs  (Tunicata)  or  worms,  he  was  in  agi-eement  with  the  long 
recognised  fact  that  anatomical  transitional  forms  and  intermediate 
links  between  the  different  groups  or  types  of  animals  exist,  and  that 
these  latter  do  not  represent  absolutely  isolated  planes  of  organization, 
but  the  highest  divisions  in  the  system,  and  he  only  gave  in  reality 
an  embryological  expression  to  the  claims  of  the  descent  theory.  In 
fact,  the  conclusion  which  Kowalewski  reached  was  completely 
correct — viz.,  that  the  homologies  of  the  germinal  layers  in  the 
different  types  affoid  a  scientific  basis  for  comparative  anatomy  and 
embryology,  and  must  be  recognised  as  the  starting-point  for  the 
proper  understanding  of  the  relationships  of  the  types.  For  this 
position  we  find  amongst  the  vertebrata  proofs  at  every  step. 

But  while  his  own  comprehensive  embryological  experiences  inspired 
Kowalewski,  the  founder  of  the  theory  of  the  germinal  layers,  with  a 
prudent  reserve,  other  investigators,  inclined  to  bold  generalization, 
appeared  at  once  with  ready  theories,  in  which  the  results  of  embryo- 
logical investigations  were  interpreted  in  accordance  with  the  theory 
of  descent.  Among  these  E.  Haeckel's  gastrsea  theory  is  especially 
prominent,  which  raises  no  less  a  claim  "  than  to  substitute,  in  the 
place  of  the  classification  hitherto  received,  a  new  system  based  on 
phylogeny,  of  which  the  main  principle  is  homology  of  the  germiaal 
layers  and  of  the  archenteron,  and  secondarily  on  the  differentiation 
of  the  axes  (bilateral  and  radial  symmetry)  and  of  the  coelom." 
E.  Haeckel  t  designated  the  larval  form  used  as  the  point  of  depar- 
ture the  Gastrida,  and  believed  to  have  found  in  it  the  repetition 
in  embryonic  development  of  a  common  primitive  form,  to  which  the 
origin  of  all  Metazoa  may  be  traced  back.  To  this  hypothetical 
prototype,  which  is  supposed  to  have  lived  in  very  early  times  during 
the  Laurentian  period,  he  gave  the  name  of  Gastrma,  and  called  the 
ancient  group,  supposed  to  be  widely  scattered  and  to  consist  of 
many  families  and  genei-a,  by  the  name  Gastrceadce.  Fi-om  this  sup- 
position was  deduced  the  complete  homology  of  the  outer  and  inner 

*  A.  Kowalewski,  "  Embryologische  Studien  an  Wiirmernund  Arthropoden.'" 

Petersburg,  1871,  p.  58-60. 

t  E.  Haeckel,  "  GastrEeatheorie,"  Jen.  nat.  Zeitschrift,  187i.''  For  criticism 
see  C.  Glaus,  "Die  Typenlehre  and  Haeckel's  sogenannte  Gastr^atheorie," 
Vienna,  187  J. 
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terminal  layers  throughout  the  whole  Metazoa ;  the  one  being  traced 
back  to  the  ectoderm  and  the  other  to  the  endoderm  of  the  hypothe- 
tical Gastrjea;  while  for  the  middle  layer,  which  is  only  secondarily 
developed  from  one  or  both  of  the  primary  layers,  only  an  incomplete 
homology  was  claimed.  It  cannot,  however,  be  said  that  this  theory, 
which  Ts  essentially  an  extension  of  the  Baer-Remak  theory  of  the 
germinal  layers  from  the  Yertebrata  to  the  whole  group  of  Metazoa, 
with  its  pretentious  and  hasty  speculation  has  created  a  basis  for 
comparative  embryology;  svich  a  basis  can. only  be  obtained  as  the 
result  of  comprehensive  investigations. 


DIRECT  DEVELOPMENT  AND  METAMORPHOSIS. 

The  more  complete  the  agreement  between  the  just  born  young  and 
the  adult  sexual  animal,  so  much  the  greater,  especially  in  the  higher 
animals,  will  be  the  du- 
ration of  the  embryonic 
development  and  the 
more  compUcated  the 
developmental  processes 
of  the  embryo.  The 
post-embryonic  develop- 
ment will,  in  this  case, 
be  confined  to  simple 
processes  of  growth  and 
perfection  of  the  sexual 
organs.  When,  how- 
ever, embryonic  life  has, 
relatively  to  the  height 
of  the  organization,  a 
quick  and  simple  course ; 
when,  in  other  words, 
the  embryo  is  born  in 
an  immature  condition 
and  at  a  relatively  low 
stage  of  organization, 
the  post-embryonic  development  wall  be  more  complicated,  and 
the  young  animal,  in  addition  to  its  increase  in  size,  will  present 
various  processes  of  transformation  and  change  of  form.  In  such 
cases,  the  just  hatched  young,  as  opposed  to  the  adult  animal,  is 
called  a  Larva,  and  develops  gradually  to  the  form  of  the  adult 


Fig.  111.— Larval  stages  of  tlie  Frog  (after  Ecker).  a, 
embryo  some  time  before  hatching,  with  wart-like  gill 
papillse  on  the  visceral  arches,  h,  Larva  some  time 
after  hatching,  with  external  branchia).  c,  Older  larva, 
with  horny  beak  and  small  branchial  clefts  beneath 
the  integumentary  opercuhim,  with  internal  branchiae ; 
N,  nasal  pit ;  S,  sucker  ;  K,  branchiae ;  A,  eye  j  Sz, 
homy  teeth. 
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sexual  animal.  The  development  of  larvae,  however,  is  by  no  means 
direct  and  uniform,  but  is  complicated  by  the  necessity  for  special 
contrivances  to  enable  them  to  procure  food  and  to  protect  them- 
selves ;  sometimes  taking  place  in  an  entirely  different  medium 
under  different  conditions  of  life.  Thin  kind  of  post-embryonic 
development  is  known  as  metamorphosis. 

Well-known  examples  of  metamorphosis  are  afforded  by  the  deve- 
lopmental histories  of  the  Insecta  and  Amphibia.  From  the  eggs 
of  Frogs  and  Toads  proceed  larvse  provided  with  tails,  but  without 
limbs,  the  so-called  Tadpoles  (fig  111).  These,  with  their  laterally 
compressed  tails  and  their  gills,  remind  one  of  fishes,  and  they  possess 
organs  of  attachment  in  the  form  of  two  small  cervical  suckers  by 
which  they  can  anchor  themselves  to  plants.  The  mouth  is  provided 
with  horny  plates ;  the  spirally  coiled  intestine  is  surprisingly  long ; 
the  heart  is  simple;  and  the  vascular  arches  have  the  piscine  relations! 
Later,  as  development  proceeds,  the  external  branchite  abort,  and  are 
replaced  by  new  branchi^  covered  by  folds  of  the  integument,  the 
caudal  fin  is  enlarged,  and  the  fore  and  hind  limbs  sprout  out ;  the 
fore  limbs  remain  for  some  time  covered  by  the  integument,  and  only 
subsequently  break  through  it  to  appear  on  the  surface.  Meanwhile 
the  lungs  have  developed  as  appendages  of  the  anterior  part  of  the 
alimentary  canal,  and  supplant  the  giUs  as  respiratory  organs,  a 
double  circulation  is  developed,  and  the  horny  beak  is  cast  off. 
Finally  the  tail  gradually  shrinks  and  atrophies ;  on  the  completion 
of  which  the  metamorphosis  of  the  aquatic  tadpole  into  the  frog  or 
toad  suited  for  life  on  land  is  accomplished  (fig.  112)., 

We  have  then  to  consider  two  kinds  of  development,  viz.,  develop- 
ment with  a  metamorphosis  and  direct  development,  which  in  extreme 
cases  are  distinctly  opposed  to  each  other,  but  are  connected  by  inter- 
mediate methods.  The  size  of  the  egg,  or,  in  other  words,  the  amount 
of  food  yolk  available  for  the  use  of  the  embryo  in  proportion  to  the 
size  of  the  adult  animal  appears  to  be  a  factor  of  primary  importance 
in  any  explanation  of  these  two  distinct  processes  (R.  Leuckart). 
Animals  with  a  direct  development  require — generally  in  pro- 
portion to  the  height  of  their  organization  and  the  size  of  their 
bodies — that  their  eggs  should  be  provided  with  a  rich  endowment 
of  food  yolk,  or  that  the  developing  embryo  should  possess  a  special 
accessory  source  of  nutriment ;  they  arise  therefore  either  from 
relatively  large  eggs  (Birds),  or  they  are  developed  inside,  and  in 
close  connection  with  the  maternal  body,  by  which  arrangement 
they  have  a  continual  supply  of  food  material  (Mammals).  Animals, 
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on  the  contrary,  which  pass  through  a  metamorphosis  always  arise 
from  eggs  of  relatively  small  size,  are  hatched  in  an  immature  con- 
dition as  larvc^,  and  obtain  independently,  by  their  own  activity,  the 
materials  which  have  been  withheld  from  them  while  in  the  egg, 
but  which  are  necessary  for  their  full  development.  The  number 
of  embryos  produced  in  the  case  of  a  direct  development  is,  in 
proportion  to  the  total  weight  of  the  material  applied  by  the  mother 
for  reproductive  purposes,  far  smaller  than  in  the  case  of  a  develop- 
ment with  metamorphosis.    The  fertility  of  animals  whose  young 


Fig.  112.— Later  stages  in  the  development  of  Pelobates  fuscus.  a,  larva  without  limba 
with  well  developed  tail ;  b,  older  larva  with  hind  limbs  ;  o,  larva  with  two  pairs  of  limbs ; 
d,  young  frog  with  caudal  stump  ;  e,  yoang  frog  after  complete  atrophy  of  tail. 


undergo  a  metamorphosis,  or,  in  other  words,  the  number  of  offspring 
produced  from  a  given  mass  of  formative  material,  is  increased  to 
an  extraordinary  degree,  and  has,  in  the  complicated  relations  of 
organic  life,  a  great  physiological  significance,  though  systematically 
it  is  of  little  importance. 

Some  time  ago  it  was  attempted  to  explain  these  indirect  meta- 
morphoses, in  which  both  processes  of  reduction  and  new  development 
take  place,  as  the  result  of  the  necessity  which  the  simply  organized 
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larva,  hatched  at  an  early  stage  of  development,  laboured  under  of 
acquiring  special  arrangements  for  its  protection  and  nourishment 
(R.  Leuckart),  The  proof  that  such  relations  do  exist  between 
the  special  larval  organs  and  the  peculiar  methods  of  nutrition  and 
protection  is  an  important  factor  for  the  full  understanding  of  these 
remarkable  processes,  but  still  is  by  no  means  an  explanation  of  them. 
It  is  only  by  aid  of  the  Darwinian  principles  and  the  theory  of 
descent  that  we  can  get  nearer  to  an  explanation.  According  to 
this  theory,  the  form  and  structure  of  larvje  are  to  be  considered  in 
relation  to  the  development  of  the  race,  i.e.  phylogeny,  and  are  to  be 
derived  from  the  various  phases  of  structure  through  which  the 
latter  has  passed  in  its  evolution,  and  in  such  a  way  that  the  yoimger 
larval  stages  would  correspond  to  the  primitive,  and  the  older,  on 
the  other  hand,  to  the  more  advanced  and  more  highly  organized 
animals,  which  have  appeared  later  in  the  history  of  the  race.  In 
this  sense  the  developmental  processes  of  the  individual  constitute  a 
more  or  less  complete  recapitulation  of  the  developmental  histoiy  of 
the  species,  complicated,  however,  by  secondary  variations  due  to 
adaptation,  which  have  been  acquired  in  the  struggle  'for  existence  * 
(Fritz  MiiUer's  fundamental  principle,  called  by  Haeckel  the  funda- 
mental law  of  biogenesis). 

The  greater  the  number  of  stages,  therefore,  through  which  the 
larva  passes,  the  more  completely  is  the  ancestral  history  of  the 
species  preserved  in  the  developmental  history  of  the  individual ; 
and  it  is  the  more  truly  preserved  the  fewer  the  peculiarities  of 
the  larva,  whether  independently  acquired,  or  shifted  back  from 
the  later  to  the  earlier  periods  of  life  (Copepoda.)  On  the  other 
hand,  there  are  certain  larval  forms  without  any  phylogenetic 
meaning  which  are  to  be  explained  as  having  been  secondarily 
acquired  by  adaptation  (many  Insect  larvae). 

The  historical  record  preserved  in  the  developmental  history 
becomes,  however,  gradually  defaced  by  simplification  and  shortening 
of  the  free  development;  for  the  successive  phases  of  development 
are  gradually  more  and  more  shifted  back  in  the  life  of  the 
embryo,  and  run  their  course  more  rapidly  and  in  an  abbreviated 
form,  under  the  protection  of  the  egg  membranes,  and  at  the  cost 
of  a  rich  supply  of  nutrient  material  (yolk,  albumen,  placenta).  In 
a,nimals  with  a  direct  development,  therefore,  the  complicated  devei;- 
lopment  within  the  egg  membranes  is  a  compressed  and  simplified 


*  Fritz  Muller,  "  Fiir  Darwin,"  Leipzig,  1863,  p.  75—81. 
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metamorphosis,  and  hence  the  direct  development,  as  opposed  to 
the  metamorphosis,  is  a  secondary  form  of  development. 

ALTERNATION  OF  GENERATIONS,  POLYMORPHISM  AND  HETEROGAMY. 

Both  in  direct  development  and  indirect  development  by  means 
of  a  metamorphosis,  the  successive  stages  take  place  in  the  life- 
history  of  the  same  individual.  There  are,  however,  instances  of 
free  development,  in  which  the  individual  only  passes  through  a 
part  of  the  developmental  changes,  while  the  offspring  produced  by 
it  accompUshes  the  remaining  part.  In  this  case  the  life-history 
of  the  species  is  represented  by  two  or  more  generations  of  indivi- 
duals, which  possess  different  forms  and  organization,  exist  under 
different  conditions  of  hfe,  and  reproduce  in  different  ways. 

Such  a  manner  of  development  is  known  as  alternation  of  genera- 
tions (metagenesis),  and  consists  of  the  regular  alternation  of  a 
sexually  differentiated  generation  with  one  or  more  generations 
reproducing  asexually.  This  phenomenon  was  first  discovered  by 
the  poet  Chamisso*  in  the  Salpida3 ;  but  the  observation  remained 
for  more  than  twenty  years  unnoticed.  It  was  rediscovered  by 
J.  Steenstrup,  t  and  discussed  in  the  reproduction  of  a  series  of  animals 
(Medusse,  Trematoda)  as  a  law  of  development.  The  essence  of  the 
process  consists  in  this,  that  the  sexual  animals  produce  offspring, 
which  through  their  whole  life  remain  different  from  their  parents, 
but  can  give  rise  by  an  asexual  process  of  reproduction  to  a  gener- 
ation of  animals  which  resemble  in  their  organization  and  habits 
of  life  the  sexual  form,  or  again  produce  themselves  asexually,  their 
offspring  assuming  the  characters  of  the  original  sexual  animal. 
So  that  in  the  last  case  the  life  of  the  species  is  composed  of  three 
different  generations  proceeding  from  one  another,  viz.,  sexual 
form,  first  asexual  form,  and  second  asexual  form.  The  development 
of  the  two,  three,  or  more  generations  may  be  direct,  or  may  take 
place  by  a  more  or  less  complicated  metamorphosis ;  similarly  the 
asexual  and  the  sexual  generations  sometimes  differ  but  little  from 
each  other  {e.g.  Salpa),  and  sometimes  present  relations  analogous 
to  those  which  exist  between  a  larva  and  the  adult  animal  {p,.g. 

*  Adalbert  de  Chamisso,  *'  De  animalibus  quibusdam  e  classe  vermium 
Linnseana  in  circumnavigatione  terree  auspicante  comite  N.  EomanzofI:  duce 
Ottone  dc  Kotzebue  annis  1815,  1816,  1817,  1818  peracta."  Fasc.  I.  De  salpa 
Berolini  1819. 

t  Job.  Jap.  Sm.  Steenstrup,  "  Ueber  den  Generationswechsel,  etc,"  iibersetzt 
von  C.  H.  Lorenzen.    Kopenhagen,  1842. 
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Medusfe).  Accordingly  we  have  to  distinguish  different  forms  of 
alternations  of  generations,  which  have  genetically  a  different  origin 
and  explanation. 

The  latter  form  of  alternations  of  generations  resembles  metamor- 
phosis ;  and  we  have  in  most  cases  to  explain  it  as  having  arisen 
in  the  following  way  :— The  asexual  form  corresponds  to  a  lower 
stage  in  the  phylogenetic  history,  from  which  it  has  inherited  the 
capacity  of  asexual  reproduction,  while  the  sexual  reproduction  belongs 
entirely  to  the  higher  form.  To  take  as  an  example  the  alternation 
of  generations  of  the  Scyphomedus^.  The  animal  is  hatched  as  a 
free-swimming  ciliated  planula  (gastrula  with  closed  blastopore)  (fig. 
113  a).    After  a  certain  time  it  fixes  itself  by  the  pole  of  its  body, 

d 


Fig.  113. — Development  of  the  planula  of  Chrysaora  to  the  Scyphistoma  stage,  with  eight 
arms,  a,  Two  layered  planula  with  a  narrow  gastric  cavity;  6,  the  same  after  its 
attachment  with  just-formed  mouth  (O),  and  commencing  tentacles ;  c,  four-armed  Scy- 
phistoma polyp  ;  Cxk,  excreted  cuticular  skeleton  ;  d,  eight-armed  Scyphistoma  polyp 
with  wide  mouth ;  M,  longitudinal  muscles  of  the  gastric  ridges ;  Csk,  excreted  cuticular 
skeleton. 

which  is  directed  forward  in  swimming,  and  acquires  at  its  free  ex- 
tremity a  new  mouth,  round  which  1,  2,  4,  8,  and  finally  16  long 
tentacles  soon  make  their  appearance;  while  the  broad  oral  region 
projects  as  a  contractile  cone  (fig.  113  b,  c,  d).  Inside  the  gastric 
cavity  there  project  four  gastric  ridges  with  longitudinal  muscular 
bands  extending  from  the  foot  or  point  of  attachment  to  the  base  of 
the  oral  cone.  When  the  polyp,  which  has  now  become  a  Scyphis- 
toma, has  under  favourable  conditions  of  nutrition  reached  a  certain 
size  (about  2  to  4  mm.),  ring-like  constrictions  are  formed  at  the 
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anterior  part  of  the  body,  giving  rise  to  a  series  of  segment-like 
divisions.  The  anterior  part  of  the  body  bearing  the  tentacles  is 
first  marked  off;  and  following  this  a  greater  or  less  number  of 
sections,  the  new  segments  appearing  continuously  in  the  direction 
from  before  backward.  The  hindermost  or  basal  swollen  club-shaped 
end  of  the  polyp's  body  remains  undivided.    The  Scyphistoma  has 


Fig.  113. — e,  Stage  of  ScypMstoma  with  sixteen  arms  (slightly  magiiifled);  Gto.  gastric  ridges. 

/,  Commencing  strobilization. 


now  become  the  Strohila,  which  itself  passes  through  various 
developmental  phases.  The  tentacles  abort ;  the  successive  segments, 
separated  from  each  other  by  constrictions  and  provided  with  lobe- 
like continuations  and  marginal  bodies,  become  transformed  into 
small  flat  discs,  which  become  separate,  and,  as  Ephyrm,  represent  the 
larv£e  of  the  Scyphomedusae  (fig.  113  h-h). 
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In  the  other  cases  in  which  the  sexual  and  asexual  forms  mor- 
phologically resemble  each  other,  as  in  Salpa,  the  origin  of  the 
alternation  of  generations  may,  as  in  the  case  of  the  origin  of  the 
dioecious  from  the  hermaphrodite  state,  be  traced  back  to  the  ten- 
dency towards  the  establishment  of  a  division  of  labour  acting  upon 
an  animal  which  possessed  the  capacity  of  sexual  and  asexual  repro- 
duction. It  was  advantageous  for  the  formation  of  the  regular  chain 
of  buds  (stolo  prolifer)  that  the  power  of  sexual  reproduction  should 

be  suppressed,  and  that  the 
generative  organs  should  be- 
come rudimentaiy  and  finally 
vanish  in  the  budding  indivi- 
duals; while,  on  the  other 
hand,  in  the  individuals 
united  in  the  chain,  the  gene- 
rative organs  were  early  de- 
veloped, and  the  stolo  prolifer 
was  aborted  and  completely 
vanished. 

Special  forms  of  alternation 
of  generations  may  be  dis- 
tinguished in  which  colonies 
are  formed  as  the  result  of 
the  asexual  reproduction  by 
budding  from  a  single  animal, 
the  buds  remaining  attached 
and  developing  into  individuals 
which  differ  considerably  in 
structure  and  appearance,  and 
each  of  which  performs  special 
functions  in  maintaining  the 
colony  (nutritive,  protective, 
sexual,  etc.)  Such  a  form  of 
altei-nation  of  generations  is 
known  as  polymorpJiism*  and  reaches  a  great  complication  in  the 
polymorphous  colonies  of  the  Siphonophora. 

A  form  of  reproduction  which  closely  resembles  metagenesis,  but 
which  genetically  has  quite  a  different  explanation,  is  the  lately 


Fig.  113.-9,  Fully  developed  Strobila  with  separ 
rating  Ephyi-se.  h.  Free  Ephyra  (of  about  1  '5  to 
2  mm.  diameter. 


*  E.  Leuckart,  "  Ueber  den  Polymorphismus  der  Individuen  oder  die 
Erscheinung  der  Arbeitstlieilung  in  der  Natur."    Giessen,  1851. 
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discovered  process  known  as  heterogamy.  It  is  characterised  by  the 
succession  of  differently  organized  sexual  generations  living  under 
different  nutritive  conditions. 

Heterogamy,  which  was  first  discovered  in  certain  small  Nematodes 
{Rhahdonema  nicjrovenoswm  and  Leptoclera  a'p'pendiculata),  can  scarcely 
be  explained  otherwise  than  as  an  adaptation  to  changed  conditions. 
For  when  the  embryo  is  developed  as  a  parasite  in  conditions  favour- 
I  able  for  the  acquisition  of  nutriment,  it  gives  rise  to  a  sexual  form 
so  different  in  size  and  structure  from  that  which  arises  if  the 


A.  .11 

B. 


Fig.  114. — A,  Rhabdonema  nigfrovenosum  of  about  3'5  mm.  in  length  at  the  stage  when  the 
male  organs  are  ripe.  genital  gland ;  O,  mouth  ;  D,  alimentary  canal ;  ^1,  anus  ;  iV, 
nerve  ring;  X>rz,  gland  cells ;  Z,  isolated  spermatozoa.  B,  Male  and  female  Ehabditis, 
length  from  about  1  "5  to  2  mm. ;  Oo,  ovary;  T,  testis;  F,  female  genital  opening;  <S;), 
spicula. 

embryo  leads  a  free  existence  in  damp  earth  or  dirty  water  (i.e.,  in 
conditions  not  so  favourable  for  the  acquisition  of  nutriment),  that 
we  should,  from  the  difference  in  their  structure,  place  the  two  forms 
in  different  genera.  Rhabdonema  nigrovenosum  from  the  lungs  of 
Batrachians  and  the  free-living  E-habditis  follow  each  other  in  a 
strict-ly  alternating  manner  (fig.  114,  A,  B).  Other  cases  of  hetero- 
gamy are  afforded  by  the  Bark-lice  (Chermes),  and  the  Root-lice 
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(Phylloxera),  in  that  one  or  more  (winged  and  apterous)  female 
generations  are  characterised  by  parthenogenetic  reproduction,  and 
consist  only  of  oviparous  females ;  whUe  the  generation  of  females, 
which  lay  fertnised  eggs,  appears  with  the  males  only  at  certain 
times  of  the  year,  and  can  be  distinguished  by  their  small  size,  and 
by  the  reduction  of  their  mouth  parts  and  digestive  apparatus. 

Such  forms  of  heterogamy  lead  back  apparently  to  alternations 
of  generations,  especially  when  the  parthenogenetic  generations 
present,  in  the  structui'e  of  their  generative  apparatus,  essential 
differences  from  the  females  which  copulate. 

The  plant-lice  and  gall-flies  afford  instances  of  this.  The  repro- 
ductive processes  of  these  animals,  on  the  authority  of  Steen- 
strup  and  Y.  Siebold,  were  regarded  for  a  long  time  as  instances  of 
alternations  of  generations,  until  the  view,  which  was  supported  by 
the  reproductive  processes  of  the  allied  bark-lice,  that  they  came 
under  the  head  of  heterogamy,  received  general  assent.  According 
to  this  view,  the  viviparous  forms  of  the  plant-lice  (Aphides)  are 
merely  modified  females  adapted  for  parthenogenetic  reproduction, 
and  their  reproductive  gland  is  nothing  more  than  the  modified 
ovary.  There  are  also  cases  of  heterogamy  in  which,  in  the  partheno- 
genetic generations,  the  development  of  the  egg  commences  in  the 
ovary  of  the  larva,  reproduction  being  shifted  back  into  larval  life. 
This  form  of  heterogamy,  which  resembles  alternations  of  genera- 
tions, was  shown  to  occur  in  the  larva  of  Cecidomyia  (Miastor)  by 
Nic.  Wagner  and  by  0.  Gri'imm  in  the  larva  of  a  species  of  Chiro- 
nomus,  and  is  to  be  looked  upon  as  a  case  of  precocious  development 
of  the  egg  in  the  parthenogenetic  generation.  The  morphologically 
undeveloped  larva  has  acquired  the  power  of  reproducing  itself  by 
means  of  its  rudimentary  ovary,  a  phenomenon  which,  following  the 
proposal  of  C.  E.  v.  Baer,  has  been  designated  Pcedogenesis. 

If  the  reproductive  gland  of  the  Cecidomyia  larva  be  looked  upon 
as  a  germ-gland,  and  the  cells  contained  in  it  as  germ  cells  or  spores, 
the  reproduction  of  the  Cecidomyia  falls  into  the  category  of  alterna- 
tions of  generations.  But  the  idea  involved  in  the  term  "  spore  "  is 
borrowed  from  the  vegetable  kingdom,  and  there  is  no  reason  for 
looking  upon  these  or  any  other  structures  in  the  Metazoa  as  spores. 
The  above  explanation,  therefore,  is  untenable.  The  reproductive 
cells  in  the  Metazoa,  which  have  been  regarded  in  this  light,  have 
much  more  probably  originated  from  masses  of  cells  which  represent 
the  rudiment  of  the  ovary,  and  which  are  usually  visible  in  early 
stages  of  development. 
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Further  it  cannot  be  doubted  that  the  development  of  the 
Distomeee,  which  has  hitherto  been  regarded  as  a  case  of  alternation 
of  generations  really  represents  a  form  of  heterogamy  allied  to 
pfedogenesis.  After  the  completion  of  the  segmentation  and  em- 
bryonic development,  the  ciliated  embryos  (fig  115,  a,  b)  pass  from 
the  egg  into  the  water,  where  they  swim  about,  and  eventually  make 
their  way  into  the  body  of  a  Snail,  in  which  they  give  rise  to  sac-like 
or  branched  Sporocysts  (fig  115,  c)  or  to  Redise  provided  with  an 
alimentary  canal  (fig.  115,  d). 

These  stages  in  the  development  of  Distomum  which  are  apparently 


c  d  e 


Fig.  115.-Developmental  history  of  Distomum  (in  part  after  R.  Leuckart).  a,  Free- 
smmmmg  ciliated  embiyo  of  the  liver  fluke.-6,  the  same  contracted,  with  rudunent  of 
alimentary  canal  D;  and  aggregations  of  cells;  Oo,  rudiment  of  genital  gland-  Hx 
ciliated  apparatus  of  the  excretory  system.-c,  Sporocyst,  which  has  proceeded  from  a 
Distomum  embryo,  filled  with  CercariEe  C ;  B,  spme  of  a  Cercaria.-i,  Redia  with  pharynx 
Fh;  ahmentary  D ;  Sx,  excretory  organs;  C.  contained  Cercariee.-.,  free  Cercaria- 

o,  sucKer ;  J),  gut.  ' 


comparable  to  larv^,  produce  by  means  of  the  so-called  germ  granules 
or  spores  a  generation  of  ofispring  known  as  Cercaria  (fig.  115,  e), 
which  become  free,  and  then  make  their  way  into  the  body  of  a  new 
host,  and,  after  the  loss  of  the  oral  spine  and  caudal  appendage,  encyst 
(fig  115/).  Hence  they  are  carried  into  the  body  of  the  permanent 
host  to  develop  into  the  sexual  adult  form. 
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It  is,  however,  extremely  probable  that  the  masses  of  cellw 
from  which  the  Cercjxrise  arise  represent  the  rudiments  of  ovaries, 
the  elements  of  which  develop  parthenogenetically  without  the 
addition  of  spermatozoa.  The  so-called  germ  sacs  (Sporocysts  or 
Rediaj)  would  in  this  case  be  larvae,  which  possess  the  power  of 
reproduction]  and  the  development  of  the  Distomeae  would  come 
under  the  head  of  heterogamy.  The  Cei-carise,  however,  represent  a 
second  and  more  advanced  larval  phase.  Provided  with  a  motile 
tail,  frequently  with  eyes  and  buccal  spine,  their  organization,  save 
in  the  absence  of  developed  generative  organs,  presents  great  simi- 
larities to  the  sexually  mature  adults  into  which  they  develop. 

This  development,  however,  takes  place 
only  in  the  body  of  another  and  usually 
more  highly  organized  host  after  the 
loss  of  the  larval  organs. 

If  the  conception  of  a  spore  as  an 
asexual  reproductive  product  be  main- 
tained, it  becomes,  impossible  in  practice 
to  draw  a  sharp  line  between  alterna- 
tion of  generations  and  heterogamy ; 
since  there  is  no  test  which  enables  us 
to  distinguish  between  a  spore  and  an 
ovum  which  develops  parthenogeneti- 
cally. On  the  other  hand,  if  we  inter- 
pret, as  we  are  justified  in  doing,  the 
so-called  spores  as  precociously  developed 
ova,  alternation  of  generations  and 
heterogamy  can  be  clearly  distinguished 
fi'om  one  another,  since  in  the  former 
one  generation  is  asexual,  and  in- 
creases entirely  by  budding  and 
division;  while  in  the  latter  both 
generations  are  sexual,  though  in  one 
of  them  the  ova  may  possess  the  power 
of  spontaneous  development. 

An  essential  characteristic  both  of  heterogamy  and  alternation 
of  generations  depends  upon  the  different  form  of  the  individuals 
appearing  in  the  generations  which  usually  occur  in  a  regularly 
alternating  manner  in  the  life-history  of  the  species.  But  there 
are  cases  in  which  two  methods  of  reproduction  may  follow  each 
other  in  the  life-history  of  one  individual.      This  form  of  the 
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Fig.  115.  /,— Young  Distomum 
(after  La  Valette).  Ex,  main  trunk 
of  excretory  system  ;  Ep,  excre- 
tory pore ;  O,  mouth  opening 
with  sucker  ;  S,  sucker  on  middle 
of  ventral  surface  ;  P,  pharynx  ; 
D,  Umb  of  alimentary  canal. 
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reproditctive  process  is  of  the  greatest  interest  as  throwing  light 
upon  the  way  in  which  the  phenomena  of  alternation  of  generations 
and  heterogamy  may  have  arisen  in  that  it  appears  in  a  certain  degree 
as  the  precursor  of  the  alternating  sequence  of  two  or  more  genera- 
tions of  individuals.  The  so-called  alternation  of  generations  in  the 
stone-corals  (Blastotrochus),  which  in  early  life  reproduce  themselves 
by  budding,  without  thereby  losing  the  power  of  acquiring  sexual 
organs  at  a  later  period  of  life,  forms  an  example  of  this  method  of 
reproduction. 

In  this  category  of  incomplete  heterogamy  should  be  placed  the 
reproductive  processes  of  the  Phyllopoda  and  E-otifera,  in  which  the 
female  produces  summer  eggs  capable  of  parthenogenetic  develop- 
ment, and  later  winter  eggs  requiring  fertilization  (^Daphniclce). 

[In  the  above  account  the  term  alternation  of  generations,  or 
metagenesis  is  applied  to  those  cases  in  which  sexual  and  asexual 
generations  alternate ;  while  heterogamy  is  applied  to  those  cases 
in  which  two  sexual  generations  or  a  sexual  and  parthenogenetic 
generation  alternate.] 


CHAPTER  TV. 

HISTORICAL  REVIEW.* 

The  origin  of  Zoology  extends  far  back  into  antiquity.  Aristotle 
(4th  century  B.C.),  who  scientifically  and  in  a  philosophic  spirit 
worked  up  the  experiences  of  his  predecessors  with  his  own  extended 
observations,  must  be  looked  upon  as  the  founder  of  this  science. 
The  most  important  of  his  zoological  worksf  treat  of  the  "  Eepro- 
duction  of  Animals,"  of  the  "  Parts  of  Animals,"  and  of  the  "  History 
of  Animals."  The  last  and  most  important  work  is,  unfortunately, 
only  incompletely  preserved. 

We  must  not  expect  to  find  in  Aristotle  a  descriptive  zoologist, 
nor  in  his  works  a  system  of  animals  followed  out  into  the  smallest 

*  Victor  Carus,  "  Geschichte  der  Zoologie."    Miinchen,  1872. 

t  Compare  Jiirgen  Bona  Meyer's  "  Aristoteles'  Thierkunde  "  (Berlin,  1855) 
— Frantzius,  "  Aristoteles'  Theile  der  Thiere  "  (Leipzig.  1853).— Aubert  und 
Wimmer,  "  Aristoteles'  Flinf  Bucher  von  der  Zeugung  und  Entwicklung  der 
Thiere,  ubersetzt  und  erlautert "    (Leipzig.  I860).  — Aubert  und  Wi^er 
"  Aristoteles'  Thierkunde."   Band  I.  und  XL    (Leipzig,  1868)  ' 
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details;  a  one-sided  treatment  of  science  was  not  the  object  of  this 
great  thinker. 

Aristotle  contemplated  animals  as  living  organisms  in  all  their 
relations  to  the  exter-nal  world,  according  to  their  development, 
structure,  and  vital  phenomena,  and  he  created  a  comparative  Zoology, 
which  in  several  respects  constitutes  the  basis  of  our  science.  The 
distinction  of  animals  into  animals  with  blood  {h/aijxa)  and  animals 
without  blood  (amt/xa),  which  he  in  no  wise  used  as  a  strictly 
systematic  conception,  certainly  depends,  according  to  the  meaning 
of  the  word,  upon  an  error,  since  all  animals  possess  blood;  and  the 
red  colour  can  by  no  means  be  taken,  as  Aristotle  believed,  to  be  a 
test  of  the  presence  of  blood  ;  but  as  the  possession  of  a  bony  verte- 
bral column  was  put  forward  as  a  character  of  the  animals  provided 
with  blood,  the  two  groups  established  by  this  distinction  coincided 
in  their  Hmits  with  the  two  great  divisions  of  Vertebrates  and 
Invertebrates. 

The  eight  animal  groups  of  Aristotle  are  the  following : — 
Animals  with  blood,  Vertebrates  — 

(1)  Viviparous  animals  (four-footed,  ^woTOKovvra  €v  avrols),  with 
which  as  a  special  -yevos  was  placed  the  whale. 

(2)  Birds  {BpvtOes). 

(3)  Oviparous  four-footed  animals  (reTpaTroSa  ^  aTroSa  woTOKovvra). 

(4)  Fishes  {IxOv^^)- 

Animals  without  blood,  Invertebrates — 

(5)  Soft  animals  [fxaXaKta,  Cephalopoda). 

(6)  Soft  animals  with  shells  (/xaXaKocrrpaKa). 

(7)  Insects  {evrofjia). 

(8)  Shelled  animals  {oa-TpaKoSepixara,  Echini,  Snails,  and  Mussels). 
After  Aristotle,  antiquity  only  possesses  one  zoological  writer  of 

note — Pliny  the  elder — to  point  to.  He  lived  in  the  first  century, 
and,  as  is  well-known,  was  killed  in  the  great  Eruption  of  Vesuvius 
(79),  while  captain  of  the  fleet.  The  natural  histoiy  of  Pliny  deals 
with  the  whole  of  nature,  from  the  stars  to  animals,  plants,  and 
minerals ;  it  is,  however,  of  no  scientific  value  as  an  original  work, 
but  is  merely  a  compilation  of  facts  collected  from  known  sources, 
and  is  not  by  any  means  implicitly  to  be  trusted.  Pliny  borrowed 
to  a  large  extent  from  Aristotle,  often  understood  him  falsely,  and 
also  accepted  here  and  there  as  facts  fable which  had  been  rejected 
by  Aristotle.  Without  setting  up  a  system  of  his  own,  he  divided 
animals  according  to  the  medium  in  which  they  lived — into  Land- 
animals    (Terrestria),   Aquatic-animals    (Aquatica),   and  Flying- 
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animals  (Yolatilia), — a  division  which  was  accepted  till  Gessner's 
time. 

With  the  decline  of  the  sciences,  natural  history  also  fell  into 
oblivion.  The  mind  of  man,  fettered  by  the  belief  in  authority,  felt 
in  the  middle  ages  no  need  for  an  independent  contemplation  of 
Nature.  But  the  writings  of  Aristotle  and  Phny  found  an  asylum 
within  the  walls  of  the  Christian  cloisters,  which  preserved  the 
germs  of  science  developed  in  Heathendom  from  complete  extinc- 
tion. 

In  the  course  of  the  middle  ages,  first  the  Spanish  bishop,  Isidor 
of  Seville  (in  the  seventh  century),  and  later  Albertus  Magnus 
(in  the  thirteenth  century)  wrote  works  on  natural  history ;  but  it 
was  not  until  the  renaissance  of  the  sciences  of  the  sixteenth  century 
that  the  works  of  Aristotle  again  came  to  the  fore,  and  the  desire 
for  independent  observation  and  research  was  also  roused.  Works 
like  those  of  0.  Gessner,  Aldrovandus,  Wotton,  testified  to  the  newly 
awakening  life  of  our  science,  whose  scope  was  continually  being  in- 
creased by  the  discovery  of  new  worlds. 

The  next  century,  in  which  Harvey  discovered  the  circulation  of 
the  blood,  Keppler  the  revolution  of  the  planets,  and  Newton's  law 
of  gravitation  formed  the  beginning  of  a  new  era  in  physics, 
was  also  a  fruitful  epoch  for  Zoology.  Aurelio  Severino  wrote  his  - 
"Zootomia  democritaea"  (1645),  a  work  which  contained  anatomical 
drawings  of  various  animals,  more  for  the  use  and  advancement  of 
human  anatomy  and  physiology.  Swammerdam  in  Leyden  dissected 
the  bodies  of  Insects  and  Molluscs,  and  described  the  metamorphosis 
of  the  Frog.  Malpighi  in  Bologna  and  Leeuwenhoek  in  Delft 
applied  the  invention  of  the  microscope  to  the  examination  of 
tissues  and  the  smallest  organisms  (animals  from  infusions).  The 
latter  discovered  the  blood  corpuscles,  and  first  saw  the  transverse 
striations  of  muscular  fibres.  The  spermatazoa  also  were  discovered 
by  a  stud-ent,  Hamm,  and  called,  on  account  of  their  movements, 
sperm-animals.  The  Italia.n  Hedi  opposed  the  spontaneous  genera- 
tion of  animals  in  putrefying  matter,  proved  the  origin  of  Maggots 
from  Flies'  eggs,  and  supported  Harvey's  famous  expression,  "  omne 
vivicm  ex  ovo."  In  the  eighteenth  century  the  knowledge  of  the 
life-history  of  animals  was  enormously  enriched.  Investigators  such 
as  Reaumur,  Rosel  von  Rosenhof ,  De  Geer,  Bonnet,  J.  Chr.  Schaefier, 
Ledermiiller,  etc.,  discovered  the  metamorphosis  and  life-history  of 
Insects  and  native  aquatic  animals,  while  at  the  same  time,  by 
expeditions  into  foreign  lands,  a  great  number  of  animals  from  other 
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continents  became  known.  In  consequence  of  these  extended  obser- 
vations and  a  continually  growing  eagerness  to  collect  curiosities  from 
foreign  countries,  the  zoological  material  increased  so  largely  that, 
in  the  absence  of  precise  distinctions,  nomenclature  and  arrangement, 
the  danger  of  error  was  great,  and  a  general  review  of  the  facts 
almost  impossible.  Under  such  conditions,  the  appearance  of  the 
systematiser  Carl  Linnaeus  (1707—1778)  must  have  been  of  the 
greatest  importance  for  the  further  development  of  Zoology. 

Ray,  who  is  justly  placed  in  the  first  rank  of  Linnaeus'  prede- 
cessors, had  earlier  endeavoured  to  acquire  a  basis  for  the  systematic 
treatment,  and  with  a  certain  amount  of  success,  but  he  failed  to 
organise  a  thoroughly  methodical  arrangement.  He  was  the  first 
to  introduce  the  conception  of  "species"  and  to  consider  anatomical 
characters  as  the  basis  of  classification.  In  his  work,  entitled 
"  Synopsis  of  Mammalia  and  Eeptilia  "  (1693),  he  adopted  Aristotle's 
division  of  the  animal  kingdom  into  animals  with  and  animals 
without  blood.  With  regard  to  the  first  he  laid  the  basis  of  the 
definitions  of  Linnseus'  first  four  classes ;  the  latter  he  divided  into 
a  greater  group,  containing  Cephalopods,  Crustacea,  and  Testacea, 
and  into  a  smaller  containing  the  Insecta. 

The  importance  of  Linnteus'  work  to  the  development  of  science 
depended  not  on  any  far-reaching  investigations  or  important  dis- 
coveries, but  on  his  acute  sifting  and  exact  division  of  the  then  exist- 
ing facts,  and  on  the  introduction  of  a  new  method  of  more  certain 
diagnosis,  nomenclature,  and  arrangement. 

By  erecting  for  groups  of  different  value  a  series  of  categories 
based  on  the  ideas  of  species,  genus,  order,  class,  he  obtained  a  means 
of  creating  a  much  more  precise  system  of  classification.  On  the 
other  hand,  by  the  introduction  of  the  principle  of  binary  nomencla- 
ture, he  obtained  a  fixed  and  more  certain  method.  Every  animal 
received  two  names  taken,  from  the  Latin  language — the  generic 
name,  which  was  'placed  first,  and  the  specific  name,  which  together 
denote  the  fact  that  the  animal  in  question  belongs  to  a  definite 
genus  and  species.  In  this  way  Linnseus  not  only  arranged  the 
facts  then  known,  but  also  created  a  systematic  framework  in  which 
later  discoveries  would  easily  find  their  proper  place. 

Linnseus's  great  work,  the  "  Systema  Naturse,"  Avhich  in  its  thirteen 
editions  received  many  changes,  embraced  the  animal,  vegetable,  and 
mineral  kingdoms,  and  in  its  treatment  can  only  be  compared  to  an 
exhaustive  catalogue,  in  which  the  contents  of  nature,  like  that 
of  a  library,  are  registered  in  a  definite  order  with  a  statement  of 
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their  most  remarkable  characters.  Every  species  of  animal  and 
plant  obtained  a  place  determined  by  its  properties,  and  was  with 
the  specific  name  inserted  under  the  genus.  After  the  name  fol- 
lowed a  short  Latin  diagnosis,  and  a  list  of  the  synonyms  of  authors 
and  statements  concerning  the  habits  of  life,  habitat,  the  native 
country,  and  any  special  characteristics. 

Linnjeus  created  for  botany  an  artificial  system  of  classification 
founded  on  the  characters  of  flowers.  Similarly  his  classification  of 
animals  was  artificial,  as  it  did  not  depend  upon  the  distinction 
of  natural  groups,  but  took  isolated  features  of  internal  and  external 
structure  as  characters.  Linnjeus  completed  the  improvements  in 
Aristotle's  classification  which  had  been  already  begun  by  Ray,  by 
establishing  the  following  six  classes,  founded  on  the  structure  of  the 
heart,  the  condition  of  the  blood,  the  manner  of  reproduction  and 
respiration. 

(1)  Mammalia. — With  red  warm  blood,  and  a  heart  composed  of 
two  auricles  and  two  ventricles,  viviparous.  The  follomng  orders  were 
distinguished — Primates  (with  the  four  genera  Homo,  Simla,  Lemur, 
Vespertiho),  Bruta.,  Ferse,  Glires,  Pecora,  Bellute,  Cete. 

(2)  Aves. — With  warm  red  blood,  and  a  heart  composed  of  two 
auricles  and  two  ventricles,  oviparous — Accipitres,  Picse,  Anseres, 
Grallse,  G-allinae,  Passeres. 

(3)  Amphibia. — With  cold  red  blood  and  a  heart  composed  of  simple 
auricle  and  ventricle,  breathing  by  lungs — Reptilia  (Testudo,  Draco, 
Lacerta,  Rana),  Serpentes. 

(4)  Pisces, — With  cold  red  blood,  and  a  heart  composed  of  simple 
auricle  and  ventricle,  breathing  by  gills — Apodes,  J ugulares,  Thora- 
cici,  Abdominales,  Branchiostegi,  Chondropterygii. 

(5)  Insecta. — With  white  blood,  simple  heart,  and  segmented  an- 
tennae— Coleoptera,  Hemiptera,  Lepidoptera,  Neuroptera,  Hymenop- 
tera,  Diptera,  Aptera. 

(6)  Vermes. — With  white  blood,  simple  heart,  and  unsegmented 
antennfE — Mollusca,  Intestina,  Testacea,  Zoophyta,  Infusoria. 

While  the  followers  of  Linnaeus  developed  still  further  this  barren 
and  one-sided  zoographical  treatment  and  erroneously  looked  upon 
the  framework  of  this  system  as  an  exact  and  complete  expression 
of  the  whole  of  nature,  Cuvier,*  by  combining  Comparative  Anatomy 
with  Zoology,  laid  the  foundations  of  a  natxiral  system. 

George  Cuvier,  born  at  Mompelgard  1762,  and  educated  at  the 
Karlsakademie  at  Stuttgart,  later  Professor  of  Comparative  Anatomy 
at  the  Jardin  des  Plantes  in  Paris,  published  his  comprehensive  in- 
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In  his  celebrated  treatise  *  published  in  1812,  on  the  arrangement 
of  anmials  accoi'ding  to  their  organization,  he  estabhshed  a  new 
and  essentially  changed  classification,  wliich  was  the  first  serious 
attempt  to  build  up  a  natural  system.    Cuvier  did  not,  as  most 
zootomists  had  done,  look  upon  anatomical  discoveries  and  fa<^ts  as 
in  themselves  the  aim  of  his  researches,  but  he  contemplated  them 
from  a  comparative  point  of  view,  which  led  him  to  the  establishment 
of  general  principles.    By  considering  the  peculiarities  in  the  ar- 
rangements of  the  organs  in  relation  with  the  life  and  unity  of  the 
organism,  he  recognised  the  reciprocal  dependence  of  the  individual 
organs,  and  appreciating  fully  the  idea  of  the  "correlation"  of  parts 
already  discussed  by  Aristotle,  he  developed  his  principle  of  the  con- 
ditions of  existence  without  which  an  animal  cannot  Hve  {principe 
des  conditions  d'existence  ou  causes  finales).    "The  organism  con- 
sists of  a  single  and  complete  whole,  in  which  single  parts  cannot  be 
changed  without  causing  changes  in  all  the  other  parts."    By  com- 
paring the  organizations  of  many  different  animals,  he  found  that  the 
important  organs  are  the  most  constant,  and  that  the  less  important 
vary  most  in  their  form  and  development,  and  even  are  not  univer- 
sally present. 

He  was  thus  led  to  the  principle  so  important  for  the  systematist 
of  the  subordination  of  characters  {principe  de  la  subordination  des 
caracteres).  Without  being  ruled  by  the  pre-conceived  idea  of  the 
unity  of  all  animal  organization,  he  became  convinced,  from  a  conside- 
ration of  the  differences  in  the  nervous  system  and  in  the  arrangement 
of  the  more  important  systems  of  organs,  that  there  were  in  the 
animal  kingdom  four  main  types  {embranchements),  "  general  plans 
of  structure  on  which  the  respective  animals  appear  to  be  modelled, 
and  whose  individual  subdivisions,  as  they  may  be  called,  are  only 
slight  modifications  based  on  the  development  or  the  addition  of 
some  parts,  without  the  plan  of  the  organization  being  thereby 
essentially  changed." 

These  four  groups   (embranchements  Cuvier,  T^pen  Blainville) 
were  the  Yertebrata,  MoUusca,  Articulata,  and  Radiata. 

The  views  of  Cuvier,  who  in  knowledge  of  anatomical  and  zoologi- 
cal detail  stood  far  above  all  his  contemporaries,  were,  however,  in 
opposition  to  the  theories  of  men  of  note  (the  so-called  School  of 

*  "  Sur  un  nouveau  rapprochement  k  6tablir  entre  les  classes  qui  composent  le 
r6gne  animal,"   Ann.  des  Mmeinn  d'Hist.  Nat.,  Tom  XIX.,  1812. 
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Natural  Pliiloaophy).  In  France,  Etienne  Geoffroy  St.  Hilaire  pre- 
eminently defended  the  idea,  which  had  been  already  expressed  by 
Bufibn,  of  the  unity  of  the  plan  of  animal  structure,  according  to 
which  the  animal  kingdom  consisted  of  an  unbroken  gradation  of 
animals.  Convinced  that  nature  always  worked  with  the  same 
materials,  he  put  forward  his  theory  of  analogies,  according  to  which 
the  same  parts,  though  differing  in  their  form  and  the  degree  of  their 
development,  should  be  found  in  all  animals  ;  and,  further,  his  theory 
of  connections  {principe  des  connexions),  according  to  which  the  same 
parts  always  appear  in  the  same  mutual  position.  A  third  fundf  - 
mental  principle  was  that  of  the  equivalence  of  organs,  an  increase  in 
the  size  of  one  organ  being  accompanied  by  the  diminution  of  another 
organ.  The  application  of  this  principle  had  important  results,  and 
led  to  the  scientific  foundation  of  Teratology.  His  generalizations 
were,  however,  in  the  main  hasty,  in  that  they  were  founded  on 
facts  taken  only  from  the  Vertebrates ;  and  if  applied  outside  that 
group  must  lead  to  many  rash  conclusions,  e.g.,  that  Insects  are 
Vertebrates  turned  on  to  their  backs. 

In  Germany,  Goethe  and  the  natural  philosophers  Oken  and 
ScheUing  pronounced  in  favour  of  the  unity  of  animal  organization, 
but  it  must  be  confessed  without  taking  account  in  a  comprehensive 
manner  of  the  actual  facts. 

The  resvilt  of  this  controversy  which  in  France  was  carried  on 
with  considerable  vehemence  was,  that  Cuvier's  view  was  victorious, 
and  his  principles  met  with  the  more  undivided  assent  since  it 
appeared  that  they  were  confirmed  by  C.  E.  v.  Baer's  embryological 
work.  Many  gaps  and  errors  were  certainly  discovered  by  later 
investigators  in  Cuvier's  classification,  and  in  detail  it  was  much 
changed,  but  the  establishment  of  his  animal  types  as  the  chief 
groups  of  the  system  was  retained,  and  was  supported  by  the 
results  of  the  developing  Science  of  Embryology. 

The  most  essential  of  the  modifications  which  it  has  become  neces- 
sary to  make  in  Cuvier's  system  relate  chiefly  to  the  increase  in  the 
number  of  types.  The  Infusoria  were  some  time  ago  removed  from 
the  Radiata,  and  as  Protozoa  arranged  by  the  side  of  the  four  other 
groups.  Lately  the  number  of  groups  has  been  increased  by  the 
division  of  the  Radiata  into  Coelenterata  and  Echinodermata,  and  of 
the  Articulata  into  Arthropoda  and  Vermes,  and  of  the  Mollusca 
into  three  groups. 

In  our  times,  however,  Cuvier's  view  has  experienced  an  essential 
modification  in  favour  of  the  Natural  Philosophers,  and  the  idea  of 
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the  absolute  independence  and  isolation  of  each  group  must  be  given 
up.  With  a  more  complete  study  it  has  been  shown  that  inter- 
mediate forms  exist  connecting  the  various  types,  and  that  conse- 
quently no  sharp  line  of  demarcation  can  be  drawn  between  them. 
But  just  as  the  transitional  forms  between  animals  and  plants  cannot 
abolish  the  distinction  between  these  two  most  important  conceptions 
of  the  organic  kingdom,  so  the  existence  of  such  transitional  forms 
does  not  in  any  way  affect  the  value  of  the  idea  of  groups  and  types 
as  the  chief  divisions  of  the  animal  system,  but  only  renders  it 
probable  that  the  different  groups  have  developed  from  a  similar  or 
common  starting-point. 

And  to  this  coi'responds  the  fact,  which  has  become  recognised 
with  the  progress  of  embryological  knowledge,  that  similar  larval 
stages  and  tissue-layers  (germinal  layers)  are  found  in  the  develop- 
mental liistory  of  the  different  types.  This  fact  points  to  a  genetic 
connection. 

Likewise  the  results  of  anatomical  and  embryological  comparison 
have  rendered  it  probable  that  the  types  are  by  no  means  absolutely 
independent,  but  are  subordinated  to  one  another  in  more  or  less 
close  relation,  that  especially  the  higher  groups  are  genetically  to  be 
derived  from  the  Worms,  a  group  which  certainly  includes  extremely 
dissimilar  forms,  and  eventually  will,  without  doubt,  be  broken  up 
into  several  types.  We  consider  it,  under  such  circimistances,  con- 
venient, in  the  present  state  of  science,  to  distinguish  nine  types  as 
the  chief  divisions,  and  to  characterise  them  in  the  foUowing 
manner : — 

(1)  Protozoa. — Of  small  size,  with  differentiations  within  the  sar- 
code,  without  cellular  organs,  with  predominating  asexual  repro- 
duction. 

(2)  Ccelenterata. — Radiate  animals  segmented  in  terms  of  2,  4,  or 
6  ;  mesoderm  of  connective  tissue,  often  gelatinovis ;  and  a  central 
body  cavity  common  to  digestion  and  circulation  (gastro-vascular 
space). 

(3)  Echinodermcota. — Radiating  animals,  for  the  most  part  of  pen- 
tamerous  arrangement ;  with  calcareous  dermal  skeleton,  often  bear- 
ing spines ;  with  separate  alimentary  and  vascular  systems  ;  and  with 
nervous  system  and  ambulacral  feet. 

(4)  Vermes. — Bilateral  animals  with-' unsegmented  or  uniformly 
(homonomous)  segmented  body,  without  jointed  appendages  (limbs), 
with  paired  excretory  canals  sometimes  called  water-vascular  system. 

(5)  Arthropoda. — Bilateral  animals  with  heteronomously  segmented 
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bodies  and  jointed  appendages,  with  brain  and  ventral  chain  of 
ganglia. 

(6)  jMolhtscoidea—BiUterid,  unsegmented  animals  with  ciliated 
circlet  of  tentacles  or  spirally  rolled  buccal  arms ;  either  polyp-like 
and  provided  with  a  hard  shell  case,  or  mussel-like  with  a  bivalve 
shell,  the  valves  being  anterior  and  posterior;  with  one  or  more 
ganglia  connected  together  by  a  pericesophageal  ring. 

(7)  Mollusca.  Bilateral  animals  with  soft,  -  unsegmented  body, 
without  a  skeleton  serving  for  purposes  of  locomotion;  usually 
enclosed  in  a  single  or  bivalve  shell,  which  is  excreted  by  a  fold  of 
the  skin  (mantle) ;  with  brain,  pedal-ganglion  and  mantle-ganglion. 

(8)  Timicata. — Bilateral  unsegmented  animals  with  sac-shaped  or 
barrel-shaped  bodies,  and  a  large  mantle  cavity  perforated  by  two 
openings ;  simple  nervous  ganglion,  heart  and  gills. 

(9)  Vertebrata. — Bilateral  animals  with  an  internal  cartilaginous  or 
osseous  segmented  skeleton  (vertebral  column),  which  gives  off  dorsal 
processes  (the  neural  arches)  to  surround  a  cavity  for  the  reception 
of  the  spinal  cord  and  brain ;  and  ventral  processes  (the  ribs)  which 
bound  a  cavity  for  the  reception  of  the  vegetative  organs ;  never  with 
more  than  two  pairs  of  limbs. 


CHAPTER  Y. 

MEANING  OF  THE  SYSTEM. 

Very  different  opinions  have  been  held  in  different  places  and  at 
different  times  as  to  the  value  of  the  system.  In  the  last  century 
the  French  Zoologist  Buffon  held  the  system  to  be  a  pure  invention 
of  the  human  mind ;  while  more  recently  L.  Agassiz  thought  that  a 
real  meaning  could  be  attrib^ited  to  all  the  divisions  of  the  system. 
He  explained  the  natural  system  founded  on  relationship  of  organiza- 
tion as  a  translation  of  the  thoughts  of  the  Creator  into  human 
language,  by  the  investigation  of  which  we  become  unconsciou^^^ly 
interpreters  of  his  ideas. 

But  it  is  clear  that  we  cannot  call  that  arrangement,  which  is 
derived  from  the  relations  of  organization  founded  in  nature,  an 
invention  of  man.  Similarly  it  is  preposterous  to  deny  the  sub- 
jective participation  of  our  intellectual  activity,  since  in  every  system 
there  is  expressed  a  relation  of  the  facts  of  nature  to  our  comprehen- 
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sion  and  to  the  state  of  scientific  knowledge.  In  this  sense  Goethe 
appropriately  calls  a  natural  system  a  contradictory  expression. 

In  establishing  systems,  that  which  comes  into  contemplation 
consists  of  the  individual  forms  which  are  the  objects  of  observation. 
Every  systematic  conception,  from  that  of  the  species  to  that  of  the 
typo,  depends  upon  the  bringing  together  of  similiar  properties,  and 
is  an  abstraction  of  the  human  mind. 

Species.— The  great  majority  of  investigators,  till  very  recently, 
were  agreed  in  looking  upon  the  species  as  an  independently  created 
unit  with  special  properties  which  were  retained  in  propagation,  and 
were  really  contented  with  the  fundamental  idea  in  Linnaeus'  defini- 
tion of  species:  Tot  numeramus  species  quot  ah  initio  creavit  in- 
finitum ens"  This  view  also  accorded  with  a  dogma  prevalent  in 
Geology,  according  to  which  the  flora  and  fauna  of  the  successive 
periods  of  the  earth's  history  were  completely  isolated,  being  created 
afresh  at  the  beginning  and  destroyed  by  a  vast  catastrophe  at  the 
end  of  each  period.  It  was  supposed  that  no  living  thing  could  be 
preserved  through  one  of  these  catastrophes  from  one  period  into  the 
next ;  that  every  species  of  animal  and  plant  was  specially  created 
with  definite  characters,  which  it  retained  unchanged  until  it  was 
destroyed.  This  idea  was  confirmed  by  the  difFerence  between  the 
fossil  remains  of  Vertebrates  (Cuvier)  and  Molluscs  (Lamarck),  and 
the  living  forms  of  these  types. 

As  a  matter  of  fact,  however,  neither  in  the  animal  nor  in  the 
vegetable  kingdom  do  offspring  resemble  exactly  the  parent  forms 
from  which  they  have  originated,  but  present  differences  more  or 
less  considerable,  so  that  the  idea  of  absolute  identity  must  be 
removed  from  our  definition  of  species,  and  agreement  in  the  most 
essential  particulars  introduced  in  its  place.  The  species  would  ac- 
cordingly, in  close  agreement  with  Cuvier's  definition,  include  aU 
living  forms  which  have  the  most  essential  properties  in  common,  are 
desce7ided  from  one  another,  and  produce  fruitful  descendants. 

All  the  facts  of  natural  life,  however,  can  by  no  means  be  arranged 
agreeably  to  this  conception,  which  has  for  a  fundamental  principle 
that  all  essential  peculiarities  must  be  preserved  unaltered  by  repro- 
duction through  all  time.  The  great  difficulties  in  defining  species 
which  occur  in  practice,  and  which  prevent  a  sharp  line  being 
drawn  between  species  and  variety,  indicate  the  insufficiency  of 
the  conception. 

Varieties. — Individuals  belonging  to  the  same  species  do  not 
resemble  each  other  in  all  particulars,  but  present  differences  which, 
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on  closer  investigation,  suffice  to  distinguish  the  individual  forms. 
Combinations  of  modified  characters  are  often  present  in  the  same 
species,  and  occasion  important  variations  (varieties)  which  can  be 
inherited  by  the  descendants.  The  more  important  of  such  variations 
which  are  maintained  by  reproduction  are  called  constant  varieties  or 
subspecies,  or  races,  and  are  divided  into  natural  races  and  artificial 
or  domesticated  races. 

The  former  are  found  in  free  natural  life,  and  are  usually  confined 
to  definite  localities.  They  have  arisen  in  course  of  time  in  conse- 
quence of  conditions  of  climate,  and  under  the  influence  of  variations 
in  manner  of  life  and  nourishment.  The  domesticated  races,  on  the 
other  hand,  owe  their  origin  to  the  care  and  cultivation  of  man. 
They  comprise  only  domestic  animals  whose  oiigin  is  still  unknown. 

Varieties,  however,  which  have  arisen  from  one  species  may  differ 
very  surprisingly  from  one  another;  in  fact,  they  may  present 
more  important  features  of  difference  than  do  distinct  natural 
species.  An  example  of  this  is  found  in  the  domesticated  race  of 
pigeons,  whose  common  descent  from  Columba  livia  (the  rock 
pigeon)  was  shown  by  Darwin  to  be  very  probable.  They  are 
capable  of  such  striking  alterations,  that  their  varieties,  known  as 
tumbler  pigeons,  fantail  pigeons,  etc.,  were  held  by  ornithologists, 
who  were  without  knowledge  of  their  origin,  to  be  real  species,  and 
were  even  divided  into  different  genera. 

In  the  natural  state,  too,  it  often  happens  that  varieties  cannot 
be  distinguished  from  species  by  the  quahty  of  their  characteristics. 
It  is  customary  to  consider  that  the  essential  of  a  character  is  to  be 
found  in  the  constancy  of  its  occurrence,  and  to  recognise  varieties 
by  the  fact  that  their  characteristics  are  more  variable  than  those 
of  species.  If  forms  which  are  widely  different  can  be  connected 
by  a  continuous  series  of  intermediate  forms,  they  are  held  to  be 
varieties  of  the  same  species.  But  if  such  intermediate  forms  are 
absent,  they  are  held  to  be  distinct  species,  even  when  the  differences 
between  them  (so  long  as  they  are  constant)  are  less. 

Under  such  circumstances  we  can  understand  that  in  the  absence 
of  a  positive  test,  the  individual  judgment  and  the  natural  tact 
of  the  observer  decides  between  species  and  variety ;  *  and  how  it 
is  that  the  opinions  of  different  observers  have  differed  so  widely  in 

*  The  establishment  of  the  conception  of  sub-species  is  completely  at  variance 
with  the  common  conception  of  species,  and  is  the  most  striking  proof  that 
systematists  themselves  recognize  that  the  distinction  between  species  and 
sub-species  is  a  relative  one. 
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practice.  This  relation  has  been  excellently  and  thoroughly  discussed 
by  Darwin  and  Hooker.  As  an  example  of  the  difFerence  of  opinion 
on  this  subject,  Nageli  *  divided  the  Hieracioi  found  in  Germany 
into  three  hundred  species,  Fries  into  one  hundred  and  six,  Koch 
into  fifty-two,  while  other  authors  recognise  hardly  more  than  twenty. 
Niigeli  indeed  says,  "  There  is  no  genus  of  more  than  four  species  on 
which  all  botanists  are  agreed,  and  many  examples  may  be  cited 
in  which,  since  Linnfeus'  time,  the  same  species  have  been  repeatedly 
divided  up  and  re-united." 

We  are  therefore  driven,  in  order  to  determine  the  essential  pro- 
perty distinguishing  species  and  variety,  to  consider  the  most  impor- 
tant characteristic  for  the  conception  of  species, — a  characteristic 
which  has  hardly  ever  been  used  in  practice,  i.e.,  the  community  of 
descent  and  the  capacity  for  fruitful  interbreeding.  This  means  of 
determination,  however,  is  also  insufficient. 

It  is  a  commonly  known  fact  that  animals  which  belong  to  different 
species  pair  with  one  another  and  produce  hybrids,  e.g.,  horse  and 
ass,  wolf  and  dog,  fox  and  dog.  Widely  differing  species,  which  are 
placed  in  diflFerent  genera,  have  even  been  known  to  cross  with  one 
another,  and  to  produce  progeny,  such  as  the  he-goat  and  sheep,  and 
the  she-goat  and  ibex.    The  hybrids  however  rule,  sterile. 

They  are  intermediate  forms  with  imperfect  generative  system,  with- 
out the  power  of  propagation ;  and  even  in  those  cases  where  there 
is  a  power  of  reproduction  (such  cases  are  most  frequently  met  with 
amongst  female  hybrids),  there  is  a  tendency  to  revert  to  the 
paternal  or  maternal  species. 

There  are,  however,  exceptions  to  the  sterility  of  the  hybrid  which 
appear  to  afford  weighty  proof  against  immutability  of  species.  The 
experiments  in  breeding  between  the  hare  and  rabbit,  made  on  a 
large  scale  in  Angouleme  by  Roux,  have  shown  that  their  progeny, 
the  hare-rabbit,  is  perfectly  fertile.  Half-bred  hybrids  of  the  rabbit 
and  hare  have  been  bred,  and  have  been  reproductive  through  many 
generations  of  pure  in-breeding.  In  like  manner  careful  inquiries 
into  the  hybridism  of  plants,  especially  the  investigations  of  W. 
Herbert,  lead  to  the  conclusion  that  many  hybrids  are  as  perfectly 
productive  among  themselves  as  genuine  species. 

In  a  state  of  nature,  too,  hybrids  of  various  kinds  are  found. 
Such  hybrids  have  frequently  been  taken  for  independent  specie?, 
and  have  been  described  as  such  {Tetrao  medius,  hybrid  of  Tetrao 

*  C.  Nageli,  "  Entstehung  und  BegrifE  der  naturhistorischen  Art."  Munich, 
1865. 
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im-ogallus  and  Tetrao  tetrix ;  Ahramidopsis  Leuckarti,  BlicG02ysts 
abramorutihts,  and  others  are,  according  to  von  Siebold,  hybrids.) 
Sterility  of  hybrids  is  not  the  rule  here,  for  a  great  number  of  wild 
plants  have  been  recognised  as  hybrid  species  (Kolreuter,  Gartnei', 
NageH — Cirsium,  Cptisus,  Ruhus).  This  seems  to  render  it  the  less 
doubtful  that  amongst  animals  which  have  been  domesticated  by 
man,  persistent  transitional  forms  can  be  obtained  from  originally 
different  species,  by  gradual  alteration  brought  about  by  cross 
breeding. 

Pallas,  adopting  this  view,  gave  it  as  his  opinion  that  closely  allied 
species,  though  at  first  they  may  refuse  to  breed  together,  or  may 
produce  sterile  offspring,  will,  after  long  domestication,  produce  fertile 
progeny.  And  in  fact,  it  has  been  shown  to  be  probable  that  some 
of  our  domestic  animals  have  originated  in  prehistoric  times  as  the 
result  of  the  unintentional  crossing  of  different  species.  E-iitimeyer 
especially  endeavoured  to  prove  this  mode  of  origin  for  the  domestic 
ox  ( Bos  taim-ics),  which  he  regarded  as  a  new  race  resulting  from  the 
crossing  of  at  least  two  ancestral  forms  (Bos  primigenius,  brachyceros). 
It  may  be  looked  upon  as  certain  that  the  domestic  pig  and  cat,  and 
the  numerous  breeds  of  dogs,  have  originated  from  several  wild 
species. 

In  connection  with  the  exceptional  cases  which  have  just  been 
discussed,  we  may  lay  great  stress  upon  the  perfect  reproductive 
capabihties  of  mongrels,  that  is,  of  the  progeny  produced  by  the 
crossing  of  different  varieties  of  the  same  species ;  though  here  also 
we  meet  with  exceptions.  Disregarding  those  cases  in  which  me- 
chanical causes  render  the  interbreeding  of  different  varieties  im- 
possible, it  seems,  according  to  the  observations  of  breeders  whose 
word  may  be  depended  upon,  that  certain  varieties  have  difficulty 
in  crossing  with  one  another  ;  and  further  that  certain  forms  which 
have  been  bred  by  selection  from  a  common  stock  are  altogether  in- 
capable of  fertile  intercourse.  The  domestic  cat  introduced  into 
Paraguay  from  Europe  has,  according  to  Rengger,  become  essentially 
altered  in  process  of  time,  and  has  acquired  a  marked  aversion  to 
the  European  ancestral  form.  The  European  guinea  pig  does  not 
breed  with  the  Brazilian  form,  from  which  it  is  probably  descended. 
The  Porto-Santo  rabbit,  which  was  exported  from  Europe  to  Portc- 
Sci/nto  near  Madeira  in  the  fifteenth  century,  is  so  much  altered  that 
it  can  no  longer  breed  with  the  European  race  of  rabbits. 

The  evident  difficulty  of  precisely  defining  the  conception  of  species, 
in  presence  of  the  existence  of  a  gradual,  almost  uninterrupted  series 
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of  animal  forms,  and  of  the  results  of  artificial  selection,  had  already, 
in  the  beginning  of  this  century,  induced  illustrious  and  highly 
esteemed  naturalists  to  dispute  the  dominant  viejvs  on  the  immuta- 
bility of  species.  In  the  year  1809,  Lamark,  in  his  PhUosophie 
Zoologique,"  broached  the  theory  of  the  descent  of  species  from  one 
another.  He  referred  the  gradual  alterations  in  some  degree  to 
changing  conditions  of  hfe,  but  mainly  to  use  and  disuse  of  organs. 

Geoffrey  St.  Hilaire,  too,  the  advocate  of  the  idea  of  unity  of 
organization  of  all  animals  and  the  opponent  of  Cuvier,  expressed 
his  conviction  that  species  had  not  existed  unaltered  from  the  be- 
ginning. While  agreeing  essentially  with  Lamark's  theory  of  the 
origin  and  transmutation  of  species,  he  ascribed  a  less  influence  to 
the  inherent  activity  of  the  organism,  and  believed  that  he  could 
explain  the  alterations  through  the  direct  operation  of  changes  in 
the  environment  (monde  amhiant). 

The  change  in  the  fundamental  views  of  Geology  which  took 
place  at  a  later  period  must  be  ascribed  to  the  opinions  of  these 
investigators.  Lyell  endeavom-ed  (Principles  of  Geology)  to  explain 
geological  alterations  by  means  of  the  forces  in  operation  at  the 
present  day,  working  gradually  and  without  interruption  through 
extended  periods  of  time,  and  rejected  the  Cuvierian  theory  of 
mighty  revolutions  and  catastrophes  which  destroyed  all  life.  When 
the  geologists  with  Lyell  had  given  up  the  hypothesis  of  periodic 
disturbance  of  the  course  of  natural  events,  they  were  obliged  to 
assume  the  continuity  of  organic  life  during  the  successive  periods 
of  the  formation  of  the  earth,  and  to  endeavour  to  account  for  the 
immense  alterations  of  the  organic  world  by  slight  influences  operat- 
ing gradually  and  without  interruption  throughoiit  long  periods  of 
time.  The  variability  of  species,  the  origin  of  new  species  from 
previous  ancestral  forms  in  the  course  of  ages,  has  become,  accord- 
ingly, since  the  time  of  Lyell,  a  necessary  postulate  of  geology  in 
order  to  explain  naturally  the  differences  of  animals  and  plants 
in  successive  periods  without  the  supposition  of  repeated  acts  of 
creation. 


THE    TRANSMUTATION    THEORY,    OR    THEORY    OF    DESCENT,    BASED  ON 
THE  PRINCIPLE  OF  NATURAL  SELECTION  (dARWINISM). 

Nevertheless  a  more  securely  grounded  theory  based  upon  a  firmer 
standpoint  was  needed  in  order  to  give  more  force  to  the  Trans- 
mutation hypothesis  which  had  remained  disregarded;  and  this 
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service  was  effected  by  the  English  naturalist,  Charles  Darwin, 
who  employed  a  mass  of  scientific  material  to  found  a  theory  of  the 
origin  and  mutation  of  species.  This  theory,  which  is  closely  con- 
nected mth  the  views  of  Lamark  and  Geoflfroy  and  in  harmony  with 
Lyell's  doctrines,  has  received  an  almost  universal  recognition,  not 
only  on  account  of  the  simplicity  of  its  principle,  but  also  because  of 
the  objective  and  convincing  way  in  which  his  genius  expounded  it. 

Darwin*  starts  from  the  principle  of  heredity,  according  to 
which  the  characteristics  of  parents  are  transmitted  to  their  off- 
sprmg.  But  side  by  side  with  this,  there  is  an  adaptation  determined 
by  the  peculiar  conditions  of  nourishment,  a  limited  variability  of 
form,  without  which  individuals  of  like  descent  would  be  identical. 
While  heredity  tends  to  reproduce  identical  characteristics,  individual 
variations  appear  in  the  descendants  of  the  same  species,  and  in  this 
way  modifications  arise,  which  in  their  tvirn  are  submitted  to  the 
law  of  heredity.  Cultivated  plants  and  domestic  animals,  the 
individual  forms  of  which  vary  far  more  than  do  those  Uving  in  a 
state  of  nature,  are  especially  disposed  to  alteration ;  and  capability 
of  domestication  is  in  reality  nothing  else  than  the  capability  of  an 
organism  to  subordinate  and  adapt  itself  to  altered  conditions  of 
nourishment  and  way  of  life. 

The  so-called  artificial  breeding,  by  which  man  succeeds  by  judicious 
choice  in  cultivating  in  plants  and  animals  definite  propeii:ies  cor- 
responding to  his  requirements,  depends  on  the  interaction  of  heredity 
and  individual  variation  ;  and  it  is  probable  that  the  numerous  races, 
of  domestic  animals  were  in  this  way  bred  unconsciously  by  man,  just 
as  in  our  own  days  large  numbers  of  new  varieties  are  bred  by  judi- 
cious choice  of  the  male  and  female  parents.  Similar  processes  are 
also  at  work  in  natxtral  life,  calling  into  existence  new  alterations, 
and  varieties.  Here  also  we  find  a  selection  which  is  occasioned  by 
the  struggle  of  organisms  for  existence,  and  may  be  called  a  natural 
selection.  All  plants  and  animals  are  engaged,  as  Decandolle  and 
Lyell  had  asserted  ten  years  previously,  in  a  mutual  struggle  for 
existence  among  themselves  and  with  external  conditions. 

A  plant  has  to  fight  against  circumstances  of  climate,  season,  and 
soil ;  and  has  also  to  compete  for  existence  with  other  plants  which,, 
by  their  superabundant  increase,  endanger  the  possibility  of  its. 
preservation.  Plants  serve  as  food  for  animals,  which  themselves 
are  engaged  in  a  mutual  struggle  with  each  other ;  the  carnivorous 

*  Ch.  Darwin.  -'On  the  Origin  of  Species  by  means  of  Natural  Selection''' 
London, 1859.  ' 
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feeding  very  largely  upon  herbivorous  animals.  Then  again,  all  are 
struggling  to  multiply  in  great  numbers.  Each  organism  produces 
far  more  descendants  than  can  in  general  "be  preserved.  With  a 
definite  degree  of  fertility,  a  corresponding  amount  of  destruction 
must  take  place;  for  in  the  absence  of  the  latter  the  number  of 
individvials  would  so  increase  in  geometrical  progression  that  no 
locality  would  suffice  for  the  sustenance  of  their  progeny.  If,  on 
the  contrary,  the  protection  affoi-ded  by  f ertihty,  size,  special  organiza- 
tion, colour,  etc.,  were  removed,  the  species  would  soon  vanish  from 
the  earth.  Amongst  the  complex  conditions  and  interactions  of  life, 
even  the  most  remotely  connected  organisms  struggle  with  each  other 
for  existence  {e.g.,  the  clover  and  the  mice);  but  the  most  violent 
strife  is  waged  between  individuals  of  the  same  species,  which  seek 
the  same  food  and  are  exposed  to  the  same  dangers.  In  this  strife  it 
necessarily  happens  that  those  individiials  which  are  placed  in  the 
most  favourable  situation,  through  their  special  properties,  have  the 
greatest  chance  of  maintainijig  themselves  and  of  multiplying,  and, 
in  consequence,  of  reproducing  the  modifications  useful  to  the  species 
and  of  preserving  them  in  their  descendants,  or  even  sometimes  of 
increasing  them. 

Just  as  in  the  breeding  of  domesticated  animals,  an  artificial  selec- 
tion is  made  by  man  to  perpetuate  and  increase  advantageous 
variations;  so  in  the  natural  breeding  of  wild  animals,  in  conse- 
quence of  the  struggle  for  existence,  a  selection  is  made  by  nature 
which  leads  to  the  preservation  of  modifications  useful  to  the 
species. 

Since,  however,  the  struggle  for  existence  in  closely  related  forms 
must  be  the  more  violent  the  more  nearly  they  resemble  one  another, 
the  most  divergent  types  will  have  the  greatest  chance  of  enduring 
and  of  producing  descendants.  Hence  a  divergence  of  characters 
and  an  extinction  of  intermediate  forms  is  the  necessary  consequence. 
Thus  by  the  combination  of  useful  properties  and  by  the  accumula- 
tion of  hereditary  peculiarities,  which  were  primitively  of  little  im- 
portance, varieties  gradually  arise  which  ever  diverge  more  and 
more ;  and  this  is  what  Darwin  sought  to  prove  by  happHy  chosen 
examples.  We  can  now  comprehend  why  eveiythiiig  in  the  organism 
is  directed  towards  one  end,  which  is  to  ensure  existence  in  the 
most  perfect  way.  The  great  series  of  2?heno7nena  which  could  hitherto 
only  receive  a  teleological  explanation  are  thus  brought  into  causal 
relation,  and  can  he  explained  as  the  inevitable  result  of  efficient 
causes,  and  their  natural  connection  is  thus  rendered  intelligible. 
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This  principle  of  natural  selection,  which  is  the  basis  of  the  Dar- 
^^^Ilian  theory,  rests,  on  the  one  hand,  on  the  interaction  of  adaptation 
and  heredity,  and  on  the  other,  on  the  struggle  for  existence  which 
can  be  shown  to  occur  everywhere  in  nature. 

In  its  fundamental  idea  the  natui-al  selection  theoi-y  is  essentially 
au  application  of  the  doctrine  of  Malthus  to  plants  and  animals. 
Developed  simultaneously  by  Darwin  and  Wallace,*  it  received  from 
the  former  a  most  comprehensive  scientific  foundation. 

We  must  certainly  admit  that  Darwin's  selection  theory,  although 
supported  by  what  we  know  of  biological  processes  and  of  the  opera- 
tion of  the  laws  of  nature,  is  very  far  from  discovering  the  final 
causes  and  physical  connection  of  the  phenomena  of  adaptation  and 
heredity,  since  it  is  unable  to  explain  why  such  or  such  a  variation 
should  appear  as  the  necessary  consequence  of  a  change  in  the  vital 
conditions,  and  how  it  is  that  the  manifold  and  wonderful  phenomena 
of  heredity  are  a  function  of  organised  matter. 

It  is  clearly  a  great  exaggeration  when  enthusiastic  supporters  of 
the  Darwinian  theory  t  say  that  it  ranks  as  equal  to  the  gravitation 
theory  of  Newton,  because  "it  is  founded  ^ipon  a  single  law,  a 
single  efiective  cause,  namely,  upon  the  interaction  of  adaptation  and 
heredity."  They  overlook  the  fact  that  we  have  here  only  to  do 
with,  the  proof  of  a  mechanical  and  causal  connection  between  series 
of  biological  phenomena,  and  not  in  the  remotest  degree  with  a 
physical  explanation.  Even  if  we  are  justified  in  connecting  the 
phenomena  of  adaptation  with  the  processes  of  nourishment,  and  in 
conceiving  heredity  as  a  physiological  function  of  the  organism,  we 
still  stand  and  regard  these  phenomena  as  the  savage  who  sees 
a  ship  for  the  first  time."  While  the  complicated  phenomena  of 
heredity:}:  remain  completely  unintelligible,  we  are  only  in  a  position 
to  explain  in  general  terms  certain  modifications  of  organs,  on 
physical  grounds,  by  the  altered  conditions  of  metabolism.  It  is  only 
rarely — as  in  the  case  of  the  operation  of  use  and  disuse — that  we 
are  able  more  directly  to  relate  the  development  or  the  atrophy  of 
organs  to  the  increase  or  decrease  in  their  nutritive  activity,  i.e., 
to  give  a  chemico-physical  explanation. 

Darwin  has  been  unjustly  reproached  with  having  left  chance  to 

*  Compare  also  A.  R.  Wallace,  "  Contributions  to  the  Theory  of  Natural 
Selection." 

t  Compare  E.  Haeckel,  "  Natlirliche  SchopfungsgescMchte.  4.  Auflao-e 
Berlin,  1873.  ^ 

X  It  is  clearly  a  misuse  of  the  word  "Law"  to  represent  thf  numerous 
Ijartially  opposed  and  limiting  phenomena  of  heredity  as  so  many  "  laws  of 
heredity,"  as  E.  Haeckel  does. 
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play  a  considerable  part  in  his  attempt  to  account  for  the  origin  of 
varieties,  with  having  accounted  for  everything  by  the  struggle  for 
existence,  and  with  having  given  too  little  prominence  to  the  direct 
influence  of  physical  action  on  the  mutation  of  forms.  This 
reproach  seems  to  arise  from  a  misapprehension.  Darwin  says 
himself  that  the  expression  "chance,"  which  he  often  uses  to  explain 
the  presence  of  any  small  alteration,  is  a  totally  incorrect  expression, 
and  is  only  used  to  expi-ess  our  complete  ignorance  of  the  physical 
reasons  for  such  particular  variation. 

If  Darwin  has  by  a  series  of  considerations  arrived  at  the  conclu- 
sion that  the  conditions  of  life,  such  as  climate,  nourishment,  etc., 
exercise  but  a  small  direct  influence  upon  variability,  since,  for  in- 
stance, the  same  varieties  have  arisen  under  the  most  difierent 
conditions,  and  difiei-ent  varieties  under  the  same  conditions,  and 
that  the  complex  adaptation  of  organism  to  organism  cannot  be 
produced  by  such  influences,  still  he  recognises  in  the  alteration  of 
the  vital  conditions  and  the  mode  of  nourishment  the  primary  cause 
of  slight  modifications  of  structure.  But  it  is  only  natural  selection 
which  accumulates  those  alterations,  so  that  they  become  appreciable  to 
us  and  constitute  a  variation  which  is  evident  to  our  senses.  It  is 
exactly  upon  the  intimate  connection  of  direct  physical  action  with 
the  consequences  of  natural  selection  that  the  strength  of  the  Dar- 
winian theory  rests. 

The  origin  of  varieties  and  races  would  appear,  however,  to  consti- 
tute only  the  first  stage  in  the  processes  of  the  continual  changes  of 
organisms.  However  slowly  the  process  of  selection  may  work,  yet 
there  is  no  limit  to  the  extent  and  magnitude  of  the  changes,  or  to 
the  endless  combinations  of  reciprocal  adaptations  of  living  beings  if 
we  allow  a  very  long  period  of  time  for  its  operation.  "With  the 
aid  of  this  new  factor  of  duration  of  time,  which,  according  to  geo- 
logical facts,  cannot  be  rejected,  but  stands  to  an  unlimited  extent  at 
our  service,  the  gap  between  variety  and  species  disappears.  Since 
the  former  are  continually  diverging  with  the  lapse  of  time — and  the 
more  they  do  so  and  become  differentiated  in  their  organization  so 
much  the  better  will  they  be  fitted  to  fill  different  places  in  the  eco- 
nomy of  nature  and  to  increase  in  number — they  at  length  attain  the 
value  of  species,  which  in  a  state  of  nature  do  not  interbreed,  or,  at 
any  rate,  only  exceptionally  produce  progeny.  Thus,  according  to 
Darwin,  a  variety  is  a  sp>ecies  in  p7'ocess  of  formation.  Variety  and 
species  are  connected  by  continuous  series  of  transitions,  and  are  not 
absolutely  distinct  from  one  another;  but  ai'e  only  relatively  separated 
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by  the  amount  of  difference  in  their  morphological  and  physiological 
characteristics. 

This  conclusion  of  Darwin's,  which  extends  the  result  of  natural 
selection  from  the  production  of  variety  to  that  of  species,  is  ob- 
stinately and  often  bitterly  opposed  by  those  who  subordinate  the 
phenomena  of  nature  to  traditional  ideas. 

Even  if  they  do  not  deny  the  facts  of  variability,  and  even  admit 
the  influence  of  natural  selection  on  the  formation  of  natural  varieties, 
they  yet  continue  true  to  the  belief  that  there  is  an  absolute  separa- 
tion between  species  and  race-variety.  As  a  matter  of  fact,  however, 
we  are  not  in  a  position  to  draw  such  a  line  of  separation.  Neither 
the  quality  of  the  distinctive  characteristics  nor  the  results  of  cross- 
ing afford  us  a  distinctive  criterion  between  species  and  variety. 
The  fact,  however,  that  we  are  not  able  to  give  any  satisfactory  defini- 
tion of  the  conception  of  species,  precisely  because  we  are  unable  clearly 
to  distingioish  between  species  and  variety,  adds  so  much  the  more 
weight  to  Darwin's  argument,  since  neither  the  variability  of  the 
organism  and  the  struggle  for  existence  nor  the  great  antiquity  of 
Hfe  upon  the  globe  can  be  contested. 

The  variability  of  forms  is  a  firmly  established  fact ;  so,  too,  is  the 
struggle  for  existence.  Now  if  we  add  the  operations  of  natural 
selection  to  these  two  factors,  we  are  able  to  understand  the  origin 
of  varieties.  If  we  imagine  the  same  process  which  has  led  to  the 
formation  of  varieties  continued  through  a  greater  number  of  genera- 
tions and  effective  through  a  longer  period  of  time — ^and  we  are  the 
more  justified  in  making  use  of  these  long  periods  of  time,  since 
with  their  help  astronomy  and  geology  have  been  enabled  to  explain 
many  phenomena — the  diverging  characteristics  will  become  more  and 
more  marked,  and  will  at  last  gain  the  value  of  distinctive  species- 
characters. 

In  still  greater  periods  of  time  the  species  will  become  so  far 
separated  from  one  another  by  the  simultaneous  disappearance  of 
the  intermediate  forms  that  they  will  represent  different  genera. 
Accordingly  the  greater  differences  of  organization  which  are  ex- 
pressed in  the  higher  divisions  of  the  system,  such  as  orders  and 
sub-orders,  etc.,  require  a  longer  interval  of  time  for  their  accom- 
plishment, and  an  extinction  of  a  greater  number  of  intermediate 
forms.  Finally,  the  different  ancestral  forms  of  the  classes  of  a 
gi'oup  may  be  refen-ed  to  a  common  starting-point ;  and  since  the 
different  groups  of  animals  are  connected  by  many  intermediate  forms, 
the  nvimber  of  the  ancestral  forms  becomes  much  reduced. 
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The  undifferentiated  contractile  substance,  sarcode  or  protoplasm, 
was  probably  the  starting-point  of  all  organic  life. 

If  these  suppositions  are  correct,  species  no  longer  retain  the  signifi- 
cation of  independent  and  immutable  units,  and  appear,  according  to 
the  great  law  of  evolution,  only  as  transient  groups  of  forms,  capable 
of  change,  and  confined  to  longer  or  shorter  periods  of  time,  to  definite 
conditions  of  life,  and  preserving,  as  long  as  these  conditions  do  not 
vary,  a  constancy  in  their  essential  characters.  The  different  categoi-ies 
of  the  system  show  the  closer  or  more  remote  degree  of  relationship ; 
and  the  system  is  the  expression  of  genealogical  relationship  founded 
upon  descent.  All  systems,  however,  must  be  imperfect  and  full  of 
gaps,  since  the  extinct  ancestors  of  organisms  living  at  the  present 
time  can  only  be  very  imperfectly  supplied  by  the  geological  record ; 
numerous  intermediate  forms  are  wanting  and  finally  no  traces  of 
organic  remains  from  the  most  ancient  periods  are  preserved. 

Only  the  ultimate  twigs  of  the  enormously  ramified  ancestral  tree 
are  accessible  to  us  in  sufficient  number.  Only  the  extreme  points 
of  the  twigs  are  completely  preserved ;  while  of  the  numerous  rami- 
fications of  the  branches  only  the  existence  of  a  stump  here  and 
there  has  been  demonstrated.  Hence  it  appeai-s  quite  impossible,  in 
the  present  state  of  our  knowledge,  to  attain  to  a  sufficiently  sure 
representation  of  this  natural  genealogical  tree  of  organisms  ;  and 
while  we  admire  the  bold  speculations  of  E.  Haeckel's  genealogical 
attempts,  it  must  be  admitted  that  at  present  there  is  room  for 
innumerable  possibilities  in  detail,  and  that  subjective  judgment 
holds  a  more  conspicuous  place  than  objective  certainty  of  fact. 
Hence  we  must  be  contented  for  the  present  with  an  incomplete 
and  more  or  less  artificial  arrangement ;  although  the  conce2)tio7i  of 
the  natural  system  theoretically  is  established. 

When  the  fundamental  arguments  of  the  Darwinian  theory  of 
selection  and  the  transmutation  theory  founded  upon  it  are  submitted 
to  criticism,  it  is  soon  apparent  that  direct  proof  by  investigation 
is  now,  and  perhaps  always  will  be,  impossible ;  for  the  theory  is 
founded  upon  postulates  which  cannot  be  submitted  to  direct  inquiry. 
Periods  of  time  which  cannot  be  brought  within  the  limits  of  hrmian 
observation  are  required  for  the  alteration  of  forms  under  natural 
conditions  of  life  ;  and  the  extremely  complicated  interactions,  which 
in  the  natural  state  under  the  form  of  natvxral  selection  are  tending 
to  change  plants  and  animals,  can  only  be  grasped  in  a  general  sense, 
while  in  their  details  they  are  practically  unknown  to  us. 

Fvirther,  plants  and  animals  which  are  under  the  influence  of 
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natural  selection  are  entirely  inaccessible  to  the  experiments  of  man, 
and  the  relatively  few  forms  which  man  has,  in  a  greater  or  less 
space  of  time,  brought  completely  within  his  power,  have  been  and 
are  being  altered  and  modified  by  the  so-called  artificial  selection. 
The  action  of  the  natii,ral  selection,  in  Darwin's  sense,  is  therefore 
in  general  incapable  of  direct  proof,  and  even  for  the  origin  of 
varieties  can  only  be  illustrated  and  rendered  probable  by  hypothe- 
tical examples.  Against  this  we  must,  however,  set  the  fact  that 
there  is  a  great  probability  in  favour  of  the  correctness  of  the 
theories  of  descent  and  transmutation  of  species,  which  have  never 
received  better  support  than  from  the  natural  selection  theory  of 
Darwin;  and  that  this  probability  is  supported,  not  only  by  the 
whole  weight  of  morphological  evidence,  but  also  by  the  testimony 
of  PalfEontology  and  of  geographical  distribution. 


EVIDENCE  IN  FAVOUR  OF  THE  THEORY  OF  DESCENT. 

If  the  transmutation  of  species  is  to  be  regarded  as  an  hypothesis, 
because  it  is  incapable  of  being  demonstrated  by  direct  observation, 
then  its  value  depends  upon  its  correspondence  with  the  facts  and 
phenomena  of  nature. 

Evidence  from  Morphology. — The  lohole  of  Morphology  tends  to 
show  the  correctness  of  the  theory  of  transmutation  of  species.  The 
degrees  of  resemblance  between  species  which  was  for  a  long  time 
expressed  by  the  metaphorical  term  "  relatimishijo,"  and  which  rested 
upon  an  agreement  in  more  or  less  important  characteristics,  led 
to  the  establishment  of  systematic  groups,  of  which  the  highest,  the 
kingdom  or  type,  was  founded  upon  a  similarity  in  the  most  general 
features  of  organization  and  development.  The  agreement  of  numerous 
animals  in  the  general  plan  of  their  organization,  e.g.,  the  common 
possession  by  fishes,  reptiles,  birds,  and  mammals  of  a  rigid  column 
forming  the  axis  of  the  body,  and  the  dorsal  position  in  regard  to 
this  of  the  central  nervous  system  and  the  ventral  position  of  the 
organs  of  novirishment  and  reproduction,  are  very  well  explained, 
according  to  the  theoiies  of  selection  and  descent,  by  the  derivation  of 
all  Vertebrates  from  a  common  ancestor  possessing  the  characteristics 
of  the  type,  while  the  supposition  of  a  plan  of  the  Creator  renounces 
all  explanation.  In  like  manner  is  explained  that  similarity  of 
characteristics  by  which  the  remaining  groups  and  sub-groups,  from 
class  to  genus,  are  distinguished,  as  well  as  the  possibility  of  dividing 
all  organized  beings  into  groiips  subordinated  the  one  to  the  other. 


162 


MEANING  OP  THE  SYSTEM. 


The  impossibility  of  a  sharply  defined  classification  hi  also  rendered 
comprehensible  by  the  theory  of  descent.  The  theory  i-equires  the 
existence  of  forms  transitional  between  intimately  and  remotely 
allied  groups ;  and  explains,  as  a  result  of  the  disappearance,  in  course 
of  time,  of  numerous  types  which  have  been  worsted  in  the  struggle 
for  existence,  the  fact  that  gi-oups  of  equal  value  are  of  such  various 
extent,  and  are  often  only  represented  by  single  forms. 

It  is  not  only  systematic  characters,  but  also  the  innumerable 
facts  brought  to  light  by  the  science  of  Comparative  Anatomy  which 
point  to  a  nearer  or  more  remote  relationship  between  the  different 
groups.  For  example,  if  we  examine  the  structure  of  the  extremities 
or  the  brain  of  Vertebrates,  we  find,  in  spite  of  considerable  differ- 
ences (sometimes  bridged  over  by  intermediate  forms)  in  the  various 
groups,  that  in  all  they  are  built  upon  a  common  type  of  struc- 
ture. This  type  is  found  very  variously  modified  and  more  or 
less  differentiated  in  each  secondary  group,  according  to  the  different 
functions  which  the  organ  has  to  fulfil  and  according  to  the  exigencies 
of  'the  mode  of  life  to  which  each  species  is  subjected.  In  the  fin  of 
the  whale,  in  the  wing  of  the  bird,  in  the  anterior  limb  of  the 
quadruped,  and  in  the  human  arm  it  can  be  shown  that  there  are 
present  the  same  bones,  here  short  and  broad  and  immoveably  con- 
nected, there  elongated  and  jointed  in  different  ways  to  allow  of 
corresponding  movements,  sometimes  with  every  part  fully  developed, 
sometimes  simplified  m  one  way  or  another,  and  partly  or  entirely 
rudimentary. 

Evidence  from  the  facts  of  Dimorphism  and  Polymorphism. — 

The  phenomena  of  dimorphism  and  polymorphism  in  the  same 
species,  and  the  sexual  differences  which  have  been  developed  in 
animals  originally  hermaphrodite,  may  be  quoted  as  important  evi- 
dence of  the  extensive  infiuence  of  adaptation. 

Male  and  female  forms  differ  not  only  in  the  fact  that  the  foi-mer 
produce  spermatozoa  and  the  latter  ova,  but  they  exhibit  numerous 
secondary  sexual  characteristics  connected  with  the  different  func- 
tions which  the  male  and  female  respectively  have  to  perform.  The 
existence  of  these  secondary  characteristics  can  in  all  cases  be 
satisfactorily  explained  by  means  of  natural  selection.  We  may 
therefore,  in  a  certain  sense,  speak  of  a  sexual  selection  by  means 
of  which  the  two  sexes  have  been,  in  course  of  time,  gradually  sepa- 
rated from  one  another,  not  only  in  peculiarities  of  form  and  organiza- 

*  Ch.  Darwin,  "  The  Descent  of  Man,  and.  Selection  in  Helation  to  Sex," 
Vol.  I.  and  II.    London  1871. 
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tion,  but  also  iu  habits  of  life,  in  such  a  way  as  to  favour  the 
preservation  of  the  race.  Since  the  male  sex  generally  has  to  take 
a  more  active  part  in  the  acts  of  copulation  and  fertilization  it  is 
comprehensible  that  the  male  form  should  differ  more  from  the  young 
than  the  female  which  supplies  material  for  the  formation  and 
nourishment  of  the  embryo  and  is  charged  with  the  care  of  the 
progeny.  Very  frequently  the  male  sex  is  capable  of  quicker  and 
more  facile  movements;  in  many  Insects  the  male  alone  has  the 
power  of  flight,  while  the  female  remains  without  wings  (fig.  97). 
In  the  strife  which  the  males  of  similar  species  have  to  wage  for 
the  possession  of  the  females,  those  individuals  which  are  most 
favoured  by  their  organization  (in  respect  of  strength,  capability  for 
motion,  prehensile  organs,  beauty,  organs  for  production  of  sound, 
etc.)  will  prove  the  conquerors;  while  those  females  which  possess 
properties  especially  favourable  to  the  prosperity  of  the  offspring  will 
best  fulfil  their  task. 

At  the  same  time  variations  in  the  duration  of  development,  in 
the  mode  of  growth  and  structure,  may  in  a  more  passive  way  be 
favovirable  under  the  special  conditions  of  life  of  the  species.  The 
secondary  sexual  characters  may  sometimes  acquire  such  importance 
as  to  lead  to  essential  and  deeply  engrained  modification  of  the 
organism,  and  to  a  true  sexual  dimorphism  (males  of  Rotifera  with  no 
digestive  tube,  dwarfed  males  of  Bonellia,  Trichosomum  crassicauda). 

It  is  a  significant  fact  that  dimorphism  of  sex  reaches  its  highest 
extreme  in  parasites.  In  many  parasitic  Crustacea  (Siphonostoma) 
such  extreme  cases,  in  which  the  large  shapeless  females  have  lost 
the  organs  of  sense  and  locomotion,  and  even  segmentation,  while 
the  males  are  small  and  dwarfed,  are  connected  by  numerous  inter- 
mediate forms;  and  the  circumstances  which  have  operated  as  the 
cause  of  this  sexual  dimorphism  are  not  far  to  seek.  The  influence 
of  favourable  conditions  of  nourishment  which  parasites  enjoy  does 
away  with  the  necessity  of  rapid  and  frequent  locomotion,  increases 
in  the  female  the  capacity  of  producing  reproductive  material,  and 
brings  about  svich  an  alteration  of  form  that  the  power  of  locomotion 
is  diminished  and  the  organs  of  movement  atrophy  and  may  com- 
pletely vanish.  The  body  acquires  an  unwieldy,  shapeless  character 
in  consequence  of  the  enormous  size  of  the  ovary  which  is  filled  with 
eggs,  and  throws  out  outgrowths  and  processes  into  which  the  ovaries 
project,  or  else  acquires  an  unsymmetrical  saclike  form.  The  seg- 
mentation is  lost  and  the  limbs  degenerate;  the  slender  moveable 
abdomen  which,  when  the  animal  was  free-swimming,  was  an  essen- 
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tial  tlid  to  locomotion,  is  reduced  more  and  more  till  it  becomes  a 
short,  unsegniented  stump.  The  appearance  of  such  a  parasite  is  so 
strange  that  one  can  easily  comprehend  how  it  was  that  formerly 
one  of  these  abnormal  groups,  the  Lema'.ai,  was  placed  among  the 
endoparasitic  Worms,  or  even  among  the  MoUusca. 

The  more  the  female  remains  behind  the  type  of  its  fully-developed, 
free-living  allies,  so  much  the  more  do  the  two  sexes  become  morpho- 
logically I'emote  from  one  another,  for  the  form  and  organization  of 
the  male  also  are  affected  by  the  changed  conditions  of  life,  but  in 
a  different  manner.*  In  the  male  sex  the  more  favoui-able  and 
abundant  nouidshment  may  not  affect  the  necessity  of  locomotion 
and  the  development  of  the  locomotive  organs  in  so  direct  a  manner, 
since  the  sexual  activity  of  the  male  and  the  necessity  for  locomotion 
in  order  to  select  a  female  remain  unaltered.  E^'^en  when  locomo- 
tion is  reduced  and  rendered  difficult,  parasitism  does  not,  in  the  case 
of  the  male,  lead  either  to  a  complete  loss  of  segmentation  or  to  such 
unsymmetrical  growths  as  we  observe  in  many  female  parasitic  Crus- 
tacea. The  large  quantity  of  generative  material  produced,  which 
in  the  female  is  of  the  greatest  importance  for  the  preservation  of 
the  species,  and  which  therefore  favours  the  development  of  a  large, 
shapeless,  unwieldy  body,  is  the  less  conspicuous  in  the  male  because 
a  very  small  quantity  of  sperm  serves  for  the  fertilization  of  an 
enormous  nvimber  of  ova. 

Thus,  then,  the  extreme  degree  of  parasitism  in  the  male,  even 
when  accompanied  by  a  confined  and  more  creeping  mode  of  loco- 
motion, does  not  lead  to  an  excessive  increase  in  size  nor  produce 
an  unsegmented  and  strange  form  of  body,  but,  on  the  contrary, 
gives  rise  to  the  S3TiimetricaUy  formed,  dwarfed  pigmtean  males. 
This  extreme  state  is,  however,  connected  with  the  normal  state  by 
numerous  intermediate  steps.  Thus  we  find  in  the  Lernaeopods  that 
the  size  of  the  male  Adheres  is  only  slightly  reduced,  while  the  true 
dwarfed  males  of  the  Lernmojwda  and  Chondracanthidce,  are  attached, 
like  small  parasites  (fig.  98),  to  the  posterior  end  of  the  female  body, 
which  is  relatively  enormously  large.  The  preparation  of  a  large 
amount  of  sperm  which  implies  the  possession  of  a  large  body,  would 
only  be  a  useless  expenditure  of  material  and  time  in  the  life  of  the 
species,  and  this  must  have  been  avoided  by  the  influence  of  natural 
selection. 

In  adchtion  to  this  sexual  dimorphism  we  find  in  various  groups 
of  animals— especiaUy  in  the  insects  which  live  together  in  great 
*  Compare  C.  Claus,  "  Die  fi-eilebeiideu  Copepoden."  1863. 
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societies,  the  so-called  canimal  communities— a  third  group  of  indi- 
\dduals  (sometimes  even  divided  into  several  series  of  forms)  which 
are  without  generative  organs  and  are  incapable  of  reproduction,  but 
which  assume  the  functions  of  protecting,  of  providing  nourish- 
ment for  the  community,  and  of  caring  for  the  young.  Adaptive 
peculiarities  suitable  for  the  discharge  of  these  functions  are 
apparent  in  their  structure  and  organization.  These  sterile  indivi- 
duals are  in  the  HymmoiMra  aborted  females.  Among  the  ants 
they  are  divided  into  workers  and  soldiers.  Amongst  the  Termites 
they  are  derived  from  both  males  and  females,  in  which  the  genera- 
tive organs  are  reduced.  Sterile  individuals  are  also  found  amongst 
animals  (Fishes)  which  do  not  form  communities,  and  were  formerly 
taken  for  particular  species  and  described  as  such.  Polymorphism  is 
most  highly  developed  in  the  Hydroids  which  are  united  in  stocks — 
the  Siplionopliora. 

The  numerous  cases  of  dimorphism  and  polymorphism  in  eithei' 
sex  of  the  same  species,  should  be  regarded  from  the  same  point  of 
view.  Dimorphic  females  among  insects  have  been  observed,  e.g.,  in 
the  Malayan  Painlioniclce  (P.  Memnon,  Pamnon,  Ormenus),  in  cer- 
tain species  of  Hydroporus  and  Dytiscus,  as  also  in  the  Eeurotemis,  a 
genus  of  the  Neuro^otera.  In  these  cases,  as  a  rule,  one  of  the 
female  forms  is  more  nearly  related  in  form  and  colour  to  the  male 
orm  whose  peculiarities  it  has  assumed.  In  other  cases  the 
differences  are  more  connected  with  climate  and  season  (seasonal 
dimorphism  of  butterflies),  and  also  affect  the  male  animal.  They 
may  be  connected  with  the  different  forms  of  reproduction  (parthen- 
ogenesis), and  lead  to  the  phenomenon  of  heterogamy  {Chermes 
Phylloxera,  Aphis).  Much  more  rarely  we  find  two  kinds  of  males 
with  dissimilar  secondary  sexual  characters  connected  with  copula- 
tion, as  in  the  case  of  the  "  smellers  "  and  "  claspers  "  described  by 
Fritz  Miiller  in  the  Isopoda  [Tanais  clubius). 

Evidence  from  Mimicry. — Another  series  of  phenomena  which 
may  probably  be  referred  to  useful  adaptation  is  the  so-called 
mimicry.  Certain  animal  forms  come  to  resemble  othei'  -widely- 
distributed  species,  which  are  protected  by  any  peculiarity  of 
form  and  colour,  so  closely  that  they  seem  to  have  copied  them. 
The  cases  of  mimicry  which  have  been  principally  made  known  by 
Bates  and  Wallace  are  directly  connected  with  the  protective 
resemblances  mentioned  above :  that  is,  the  resemblance  of  many 
animals  in  colour  and  body  shape  to  the  objects  amongst  which  they 
*  Fritz  Muller,  "  Facts  for  Darwin,"  p.  22. 
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live.  For  example,  amongst  the  butterflies  certain  Leplalidm  resemble 
in  outward  appearance  and  in  mode  of  flight  a  species  of  the  family 
Heliconius  (fig.  IIG),  which  appears  to  be  protected  from  the  pursuit 
of  birds  and  lizards  by  a  yellow  disagreeable-smelling  fluid,  and 
share  the  same  locality  with  the  above-mentioned  species.  The 
most  pei-fect  instances  of  mimicry  are  found  in  the  Tropics  of  the 
Old  World,  where  the  Danaidce  and  Acrceidce  are  imitated  by  the 
Papilionidie  [JMnais  niavius,  Papilio  hippocoon — Danais  echeria, 
Papilio  cenea — Acrcea  gea,  Panopcea  hirce).  Cases  of  mimicry  fre- 
quently occur  between  insects  of  different  orders ;  butterflies  imitate 
the  form  of  Hymenoptera,  which  are  protected  by  the  possession  of 
spines  [Sesia  homhyliformis — Bomhus  hortorum,  etc.)  In  the  same  way 

certain  beetles  resemble  bees 
and  wasps  {Gharis  melipona, 
Odontocera  odyneroides),  and 
the  Oi'thopteran  genus 
dylodera  tricondyloides  from 
the  Philippines  is  like  a  genus 
of  Cicmdelce  (Tricondyla). 
Numerous  Diptera  have  the 
form  and  colour  of  stinging 
Sphegidce  and  Wasps.  Also 
among  Vertebrates  (Serpents 
and  Birds)  some  examples  of 
mimicxy  are  known. 

Evidence  from  Rudimen- 
tary Organs,  —  Rudimentary 
organs,  too,  which  are  so 
common,  are  satisfactorily  ex- 
plained by  the  theory  of  selec- 
tion as  the  result  of  non- 
employment  of  such  organs.  Organs  which  were  formerly  functional 
have  gradually  or  even  suddenly  become  functionless  as  a  result  of 
adaptation  to  special  conditions  of  life,  and,  through  want  of  exercise, 
have,  after  the  lapse  of  generations,  become  weaker  and  finally  aborted 
or  degraded  (Parasites).  We  cannot,  however,  assert  that  rudimentary 
organs  are  in  all  cases  useless.  They  have,  on  the  contrary,  often 
gained  secondary  functions,  though  this  may  be  diflicult  to  demon- 
strate. 

We  find,  for  instance,  in  certain  snakes  {Pythonidce)  that  there 
are  small  processes  armed  with  claws  at  the  sides  of  the  anus  (anal 


Fig.  116. — a,  Lepfalis  Theoiwe,  var.  JLeuconoi: 
(Pieris).  b,  Ifhomia  Ilerdina  (the  mimicked 
Heliconius).    (After  Bates.) 
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claws).  These  are  the  hind  limbs  which  have  become  rudimentary, 
and  which  do  not  subserve  locomotion  but,  in  the  male  at  least,  assist 
in  copulation.  The  bhnd  worms  possess  a  rudimentary  shoulder 
girdle  and  breast  bone,  although  the  anterior  extremities  are  want- 
ing :  these  bones  may  be  connected  with  the  need  of  protecting  the 
heart,  or  may  aid  in  respiration.  When  we  see  that  the  upper 
incisor  teeth  are  developed  in  the  foetus  of  many  ruminants,  and  that 
these  teeth  are  never  cut,  and  that  the  embiyos  of  the  whalebone 
whales  have  the  rudiments  of  teeth  in  their  jaws,  which  they  soon 
lose  and  never  make  use  of  in  mastication,  it  is  much  more  rational 
to  asciibe  to  these  structures  a  part  in  the  growth  of  the  jaw  than  to 
hold  them  for  wholly  useless.  The  i-udimentary  wings  of  the  penguin 
are  employed  as  oars,  those  of  the  ostrich  as  aids  to  running  and  as 
weapons  for  protection.  The  rudimentary  stumps  of  the  kiwi,  on 
the  contrary,  appear  valueless.  In  man}^  cases  we  are  not  in  a 
position  to  assign  any  function  or  value  to  rudimentary  organs. 

Evidence  from  Embryology. — The  results  of  embryology  too,  i.e., 
the  individual  development  from  the  ovum  to  the  fully  developed 
form,  are  in  complete  agreement  with  the  Darwinian  theories  of 
selection  and  descent.  The  fact  that  the  animals  belonging  to  one 
type  have,  as  a  rule,  embryos  which  are  much  alike  and  undei'go  a 
similar  developmental  process,  and  that  the  closer  the  relationship 
between  the  adiilt  forms  the  greater  the  similarity  in  theii-  develop- 
ment (with  some  remarkable  exceptions),  supports  the  conception  of 
a  common  ancestry  and  the  hypothesis  of  diflFering  gradations  of  blood- 
relationship. 

If  the  groups  of  different  value  which  correspond  to  the  divisions 
and  subdivisions  of  ora-  classification  are  genetically  derived  from 
more  or  less  remote  ancestral  forms,  then  the  individual  develop- 
ment will  present  .so  many  the  more  common  features  the  closer  the 
forms  stand  to  their  common  ancestor. 

The  fact  that  animals  which  differ  much  from  one  another  and 
exist  under  very  different  conditions  of  life  show  an  unusual  agree- 
ment in  their  post-embryonic  development  up  to  a  more  or  less  late 
period  (the  free  Copepoda,  parasitic  Crustacea,  Cirripedia),  is  in  no  wise 
opposed  to  the  theory,  but  may  be  explained  by  the  influence  which 
adaptation  has  exerted  not  only  during  the  period  of  sexual  life, 
but  also  during  each  developmental  period,  causing  changes  which 
have  been  inherited  in  corresponding  periods  of  life. 

The  phenomena  of  metamorphosis  afford  numerous  proofs  of  the 
fact  that  the  adaptation  of  the  embryonic  form  is  as  complete  as 
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that  of  the  adult ;  and  we  can  thus  understand  how  larvse  of  many 
insects  belonging  to  diflerent  orders  can  present  great  resemblances 
to  on©  another  and  be  unlike  the  larv88  of  insects  of  the  same  ordei-. 
While  as  a  general  rule  the  development  of  the  individual  is  an 
advance  from  a  simpler  and  lower  organization  to  one  more  complex 
which  has  become  more  perfect  by  a  continued  division  of  labour 
among  its  parts — and  we  shall  later  find  a  parallel  to  this  law  of 
perfection  of  the  individual  in  the  great  law  of  progressive  perfection 
in  the  development  of  groups — yet  the  course  of  development  may, 
in  particular  cases,  lead  to  numerous  retrogressions,  so  that  we  may 
find  the  adult  animal  to  be  of  lower  organization  than  the  larva. 
This  phenomenon,  which  is  known  as  retrogressive  meta/raorpJiosis 
[Ciri'ipeclia  and  parasitic  Crustacea),  corresponds  to  the  demands  of 
the  selection  theory,  since  under  more  simple  conditions  of  life,  where 
nourishment  is  more  easily  obtained  (parasitism),  degradation  and 
even  the  loss  of  parts  may  be  of  advantage  to  the  organism. 

Again,  the  facts  of  embryonic  development,  when  considered  in 
relation  to  the  gradations  expressed  in  the  system  are  in  complete 
accord  with  the  theory  of  evolution.  Numerous  examples  may  be 
cited  to  prove  that  features,  not  only  of  the  simple  and  more 
primitive,  but  also  of  the  more  perfectly  organised  groups  of  the 
same  type,  are  reflected  in  the  successive  phases  of  foetal  Hfe.  In 
the  case  of  a  complicated  free  development  by  metamorphosis,  which 
is  usually  correlated  with  an  unusual  simpHfication  of  the  foetal 
development  within  the  egg- membranes,  the  relation  of  the  successive 
larval  stages  to  the  allied  smaller  groups  of  the  system,  to  the 
genera,  families  and  orders,  is  more  direct  and  striking.  For  example, 
in  the  early  stages  of  the  embryonic  development  of  mammals  certain 
structures  occur,  which  in  the  lower  fishes  endure  throughotit  life. 
Later  stages  show  peculiarities  which  correspond  to  the  characters  of 
amphibia.  The  metamorphosis  of  the  frog  begins  with  a  stage  which 
in  form  and  organization  and  mode  of  locomotion  agrees  with  the  fish 
type ;  and  this  stage  is  succeeded  by  numerous  other  larval  stages 
in  which  the  characters  of  the  other  orders  of  Amphibia  (Perenni- 
branchiata,  Salamandrinidse)  and  of  individual  families  and  genera  of 
the  same  are  repeated. 

This  undeniable  likeness  between  the  successive  stages  of  individual 
development  and  between  allied  groups  of  the  system  allows  us  to 
institute  a  parallel  between  the  former  and  the  evolution  of  the 
species.  The  evolution  of  the  species  finds,  it  is  true,  a  most  imper- 
fect expression  in  the  relationship  of  the  systematic  groups,  and  can 
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only  be  inferred  from  the  history  of  the  past  for  which  palteon- 
tology  aftbrds  us  but  slight  material.  . 

This  parallel,  which  naturally  presents  numerous  greater  or  smaller 
variations  in  detail,  is  explained  by  the  theory  of  evolution,  according 
to  which  the  developmental  history  of  the  individual  appears  to  be 
a  short  and  simplified  rep)etition,  or  in  a  certain  sense  a  recapitulation, 
of  the  coici'se  of  development  of  the  species/'' 

The  historical  record  preserved  in  the  developmental  history  of 
the  individual  must  often  be  more  or  less  blurred  and  obscure  on 
account  of  the  many  adaptations  which  have  occurred  during  the 
embryonic  development,  or  duiing  larval  life.  Especially  in  those 
cases  where  the  peculiar  conditions  of  the  struggle  for  existence 
demand  a  simplification,  the  development  will  take  a  more  direct  course 
from  the  ovum  to  the  perfect  animal,  will  be  thrown  back  into  an 
earlier  period  of  life,  and  finally  will  be  completed  before  the  animal 
is  hatched,  until,  in  absence  of  a  metamorphosis,  the  historical  record 
is  completely  suppressed.  On  the  contrary,  in  the  cases  of  progres- 
sive transformation  where  the  larval  states  are  gradually  modified 
and  live  under  similar  conditions  of  life,  the  history  of  the  species 
will  be  less  impei'fectly  reproduced  in  that  of  the  individual. 

Evidence  from  the  Facts  of  Geographical  Distribution. — Unlike 
the  facts  of  moi'phology,  those  of  geographical  distribution  luise 
great  difiiculties  for  the  theory  principally  because  the  phenomena 
are  very  complicated  and  our  experiences  are  still  too  limited  to  permit 
of  our  establishing  general  laws.  The  present  distribution  of  plants 
and  animals  over  the  surface  of  the  earth  is  clearly  the  combined 
result  of  the  earlier  distribution  of  their  ancestors  and  of  the  geologi- 
cal changes  which  have  since  taken  place,  the  modifications  in  the 
extent  and  position  of  land  and  water,  which  must  have  had  an 
influ.ence  on  the  fauna  and  fiora. 

Accordingly  the  geographical  distribution  of  plants  and  animals  \ 
appears  intimately  connected  with  that  part  of  geology  which  has 
for  its  aim  the  investigation  of  the  most  recent  occurrences  in  the 
formation  of  the  earth's  crust  and  its  contents.  It  cannot, 
therefore,  be  confined  to  an  examination  of  the  areas  of  distribution 
of  the  animals  and  plants  of  the  present  day,  but  must  take  cogni- 
zance of  the  distribution  of  the  remains,  enclosed  in  the  most  recent 
formations,  of  the  nearest  relations  and  ancestors  of  living  forms,  in 

*  Fr.  Mliller,  "  Fiir  Darwin,"  Leipzig,  1864. 

t  A.  R.  Wallace,  "  The  Geographical  Distribution  of  Animals,"  London  1876 
P.  L.  Sclater,  "  Address  to  the  Biological  Section  of  the  Brit.  Association,"'  1875'. 
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order  to  find  an  historical  ex[)lanation  of  the  known  facts  of  distribu- 
tion. Although  in  this  sense  the  science  of  animal  geography  is  still 
in  its  infancy,  yet  numerous  and  important  phenomena  of  geographical 
distribution  receive  a  satisfactoiy  explanation  according  to  the  theory 
of  transmvitation  of  species  on  the  supposition  of  migrations  and 
gradual  changes  brought  about  by  natural  selection. 

It  is  a  most  important  fact  that  neither  the  resemblance  nor  the 
want  of  resemblance  of  the  animals  inhabiting  different  localities 
can  be  completely  explained  as  the  result  of  climatic  and  physical 
conditions.  Closely  allied  species  of  plants  and  animals  often  appear 
under  very  different  natural  conditions,  while  a  completely  different 
fauna  and  flora  can  exist  in  a  similar  climate  and  on  a  similar  soil. 
On  the  other  hand,  the  extent  of  the  difference  between  two  fauna 
is  closely  connected  with  the  limitations  of  space  and  the  barriers 
and  hindrances  to  free  migration.  The  Old  and  New  Worlds,  which, 
leaving  out  of  consideration  the  polar  connection,  are  completely 
separated,  have  in  part  a  very  different  fauna  and  flora,  although 
with  regard  to  the  climatic  and  physical  conditions  of  existence  there 
are  innumerable  parallels  which  would  equally  favour  the  prosperity 
of  the  same  species. 

In  particular  if  we  compare  the  districts  of  South  America  with 
regions  situated  in  the  same  latitude  and  possessing  the  same  climate 
in  South  Africa  and  Australia,  we  find  three  fauna  and  flora  which 
differ  considerably,  while  the  natural  productions  from  different 
latitudes  of  South  America  with  entirely  different  climates  are 
closely  allied.  Here  the  northern  animals  are  indeed  specifically 
different  from  the  southern,  but  belong  to  similar  or  nearly  aUied 
genera  with  the  peculiar  stamp  characteristic  of  South  America. 

Zoological  Provinces.— The  surface  of  the  earth  can  be  divided 
into  from  six  to  eight  regions  according  to  the  general  features  of 
the  terrestrial  and  f resii-water  fauna.  These  regions  can  indeed  only 
be  considered  as  a  relative  expression  for  large  natural  districts  of 
distribution,  since  they  cannot  be  appHed  to  all  groups  of  animals 
in  the  same  manner,  and  it  is  impossible  that  they  should  differ  in 
like  degree  and  in  the  same  direction.  There  must  also  be  inter- 
mediate regions  combining  the  characteristics  of  the  neighbouring 
re-ions  with  peculiarities  of  their  own  ;  and  the  question  must  arise 
whether  these  should  not  be  taken  as  independent  regions.^ 

The  merit  of  ha^dng  first  established  a  natural  dmsion  of  the 
earth  into  zoological  regions  and  sub-regions  belongs  to  Sclater.  This 
naturalist  founded  his  system  on  the  distribution  of  birds,  and  dis- 
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tinguished  six  i-egiona,  the  limits  of  which  agreed  fairly  well 
with  the  distribution  of  Mammalia  and  Reptilia.  These  regions 
are — 

(1)  The  Falcearctic  Region — Europe,  the  temperate  part  of  Asia, 
and  North  Africa  as  far  as  Mount  Atlas. 

(2)  Nearctic  Region — Greenland  and  North  America  as  far  as 
North  Mexico. 

(3)  The  Ethiojnan  Region — Africa,  south  of  Atlas,  Madagascar, 
and  the  Mascarenes  with  South  Aiubia. 

(l)  The  Indian  Region — India  south  of  the  Himalayas,  to  South 
China,  Borneo  and  Java. 

(5)  The  Australian  Region — Celebes  and  Lombok  eastward  to 
Australia,  and  the  South  Sea  Islands. 

(6)  The  Neotropical  Region — South  America,  the  Antilles,  and 
South  Mexico. 

Other  naturalists  (Huxley)  have  since  shown  that  the  four  first 
of  these  regions  have  a  much  greater  resemblance  to  one  another 
than  any  one  of  them  has  to  the  Australian  or  South  American 
regions;  that  New  Zealand  is  entitled  by  the  peculiarities  of  its 
fauna  to  be  considered  as  forming  a  region  by  itself ;  finally,  that  a 
circumpolar^'=  province  should  be  formed  equal  in  value  to  the  Palse- 
arctic  and  Nearctic. 

Wallace  objects  to  the  establishment  either  of  a  Neio  Zealand  or  of 
a  circumpolar  region,  and  advocates  the  adoption  of  the  six  regions 
of  Sclater  on  practical  grounds,  but  suggests  the  modification  that 
since  the  South  American  and  Australian  are  much  more  isolated, 
the  regions  should  not  be  of  equal  value. 

These  regions  are  bounded  by  extended  seas,  lofty  mountain  ranges, 
or  vast  sandy  deserts,  and  obviously  such  boundaries  do  not  constitute 
effective  barriers  to  the  migration  of  all  animals,  but  allow  certain 
groups  to  pass  from  one  region  to  another. 

The  obstacles  to  immigration  and  emigration  appear  in  certain 
places,  at  all  events  in  the  present  time,  to  be  insurmountable; 

*  Andrew  Muri'ay,  on  the  contrary,  in  his  work  on  the  geographical  dis- 
tribution of  Mammalia  in  1866,  distinguishes  only  four  divisions— the  PalsBarctic, 
Indo-Afncan,  the  Australian,  and  the  American.  Riitimever  recognises  in  addi- 
tion to  the  six  provinces  of  delator  a  Mediterranean  and  Circumpolar  province 
J.  A.  Allen  ("Bulletin  of  the  Museum  of  Comparative  Zoology,  Cambrido'e, 
vol.  ii.)  proposes  to  distinguish  eight  regions,  in  connection  with  "  the  law  of 
circumpolar  distribution  of  life  in  zones  :  "—(1)  Arctic  realm  ;  (2)  North  Temper- 
ate realm  ;  (8)  Tropical  American  realm  ;  (4)  Indo-Afi'icaii  Tropical  realm  • 
(5)  Tropical  South  American  realm  ;  (6)  Temperate  African  realm  ;  (7)  Ant- 
arctic realm  ;  (8)  Australian  realm. 
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but  in  past  ages,  wlien  the  divisions  of  land  and  water  were 
different,  they  must  have  been,  for  many  forms  of  Hfe,  easily 
surmountable.  The  expression  "centre  of  creation,"  which  has 
long  been  used  in  the  sense  of  a  tolerably  defined  district  of  dis- 
tribution— or  better  still,  Riitimeyer's  word,  "  centre  of  distribution  " 
— has  as  a  fundamental  idea  the  endemic  appearance  of  definite 
groups  of  typical  species  and  their  gradual  extension  "  towards 
the  boundaries  of  the  said  region,  a  conception  which  harmonizes 
well  with  the  theoi-y  of  the  origin  of  species  through  gradual 
alterations. 

The  same  laws  apply  also  to  the  distribution  of  the  inhabitants  of 
the  sea.    G-reat  seas  studded  with  islands  which  serve  to  confine  the 
land  animals  may  favour  the  migration  of  marine  species,  while 
extended  continents,  which  allow  their  inhabitants  to  wander  freely 
over  them,  confine  the  sea  animals  within  limits  which  cannot  be 
passed.    A  great  number  of  sea  animals  live  only  in  the  shallow 
water  round  the  coast,  and  their  distribution  thus  often  coincides 
with  that  of  the  land  animals ;  whereas  the  animals  found  on  the 
opposite  coasts  of  great  continents  are  very  different.    For  example, 
the  sea  animals  of  the  east  and  west  coasts  of  South  and  Central 
America  differ  to  such  a  degree  that,  with  the  exception  of  a  series 
of  fishes,  which,  according  to  Giinther,  are  found  on  both  sides  of 
the  Isthmus  of  Pancmuo,  only  a  few  forms  are  common  to  the  two 
coasts.     In  the  same  way  we  find  that  the  marine  inhabitants  of 
the  east  insular  district  of  the  Pacific  differ  completely  from  those  of 
the  west  coast  of  South  America.    If,  however,  we  advance  to  the 
west  of  this  part  of  the  Pacific  till  we  come  to  the  coast  of  Africa 
in  the  other  hemisphere,  we  find  that  the  fauna  of  this  extensive 
district  cannot  be  so  sharply  distinguished.    Many  species  of  fish 
are  found  from  the  Pacific  to  the  Indian  Ocean.    Numerous  Mollusca 
of  the  South  Sea  Islands  live  also  on  the  east  coast  of  Africa,  almost 
beneath  the  opposite  meridian.    In  this  case  the  limits  of  distribu- 
tion are  not  impassable,  as  numerous  islands  and  coasts  afford  a  rest- 
ing place  to  wandering  inhabitants  of  the  sea.    In  respect  of  the 
different  haunts  of  the  inhabitants  of  the  sea,  we  must  make  a  dis- 
tinction between  the  littoral  animals,  which  are  distributed  along  the 
coasts,  and  live  under  different  conditions  and  at  different  depths  on 
the  bottom  of  the  sea,  and  the  ijelagic  animals,  which  swim  on  the 
surface. 

*  Compare  Riitimeyer's  Essay,  "  Ucber  die  Herlcunft  unserer  Thierwelt." 
Basel  and  Genf,  1867. 
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But  there  also  exists,  at  considerable  depths  and  on  the  bottom 
of  the  sea,  a  rich  and  varied  animal  life.  This  has  only  lately  been 
brought  to  our  knowledge  principally  by  the  deep-sea  explorations 
from  North  America,  Scandinavia,  and  England.  In  place  of  that 
want  of  animal  life  which  we  should  on  (I  priori  grounds  expect 
to  find,  we  see  that  numerous  lowly  organised  animals  of  the 
most  different  groups  are  able  to  exist  even  at  the  greatest 
depths.  Besides  the  lowest  sai'code  animals  of  the  Foraminifera 
(Globigerina  ooze),  we  find  especially  silicious  sponges,  certain  corals, 
Echinoderms,  and  Crustacea.'^  The  representatives  of  the  latter 
are  in  part  of  low  type,  but  gigantic,  and  ma,ny  of  them  blind. 
It  is  also  a  fact  of  more  than  ordinary  interest,  as  showing  the 
continuity  of  living  creatures  from  successive  geological  forma- 
tions up  to  the  present  time,  that  the  deep  sea  animals  are  allied 
to  ancient  types  which  occvir  in  Mesozoic  formations,  especially  in 
chalk. 

Evidence  from  Palaeontology. — The  results  of  geological  and 
jxdceontological  inquiry  give  vis  a  third  great  series  of  facts  in 
support  of  the  theory  of  slow  alterations  of  species  and  the 
gradual  development  of  genera,  families,  orders,  etc.  The  firm 
crust  of  our  earth  is  formed  of  numerous  and  enormou.s  rock 
strata,  which  have  been  deposited  in  a  definite  series  by  water  in 
course  of  time,  and  also  of  the  so-called  volcanic  or  plutonic  rocks, 
masses  which  have  been  forcibly  ejected  from  the  molten  interior 
of  the  earth.  The  former  or  sedimentary  deposits,  which  have  under- 
gone numerous  alterations  in  the  originally  horizontal  arrangement 
of  their  strata  as  well  as  in  the  petrographical  condition  of  their 
rocks,  contain  a  quantity  of  the  fossilized  remains  of  former  plants 
and  animals  which  have  become  buried  in  them,  and  thus  afford  an 
historical  i-ecoixl  of  a  rich  fauna  and  flora  which  existed  during  the 
earlier  periods  of  the  earth's  development.  Although  these  so-caUed 
fossils  have  made  us  acquainted  with  a  very  considerable  number  of 
ancient  organisms  presenting  great  diversity  of  form,  yet  they  only 
constitiite  a  very  small  portion  of  the  enormous  quantity  of  living 
beings  which  have  at  all  times  existed  upon  the  earth.  They 
suffice,  however,  to  teach  us  that  a  different  fauna  and  flora  existed 
at  the  time  when  each  individual  deposit  was  being  formed,  and  that 

*  Compare  Wyville  Thomson,  "  The  depths  of  the  sea.  An  account  of  the 
general  results  of  the  dredging  cruizes  of  the  Poron^rhtc  and  Liqhtning,  during 
the  summer  months  of  1868,  18(59.  1870."  London,  1873.  Also  the  results  of  the 
Challenfjer  expedition  1874.-1876. 
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tlie  deeper  a  stratum  comes  in  the  series,  that  is,  the  earlier  it 
appears  in  the  history  of  the  earth,  so  much  tlie  moi-e  its  fiiuna  and 
lloi-a  (litter  from  those  of  the  present  time.  The  more  neai-ly  one 
stratum  follows  another  in  the  series,  the  closer  the  relationship 
between  their  respective  fossils.  Every  sedimentary  formation 
possesses  characteristic  fossils  which  appear  very  frequently ;  and 
from  these,  taking  into  account  the  succession  of  strata  and  the 
peti-ogi'aphic  characters  of  the  I'ocks,  the  place  occupied  by  the 
stratum  in  the  geological  system  can  be  defined  with  tolerable 
accui'acy. 

Without  doubt  the  characters  of  the  fossils  and  the  relative  posi- 
tions of  the  strata  are  the  most  important  aids  to  the  determination 
of  the  geological  age  of  the  deposit ;  at  any  rate  they  furnish  a  more 
reliable  criterion  than  does  the  structure  of  the  rocks.  The  idea 
entertained  in  earlier  times  that  rocks  of  the  same  period  always 
possessed  a  similar,  and  rocks  of  a  different  period  a  dissimilar 
structure,  has  lately  been  given  up  as  erroneous.  Stratified  or 
sedimentary  deposits  have  arisen  in  every  period  vmder  similar  condi- 
tions. In  past  times,  as  at  the  present  time,  they  were  caused  by 
the  deposition  of  clay,  of  fine  or  coarse  sand,  of  fine  and  coarse  debris, 
by  chemical  precipitation  of  carbonates  and  sulphates  of  lime  and 
magnesia,  of  silica  and  oxide  of  iron,  and  by  accumulation  of  solid 
animal  and  vegetable  remains.  These  have  become  transformed  only 
in  course  of  time  into  such  hard  rocks  as  argillaceous  and  calcareous 
schists,  limestone,  sandstone,  dolomite,  and  conglomerates  of  many 
kinds ;  as  the  result  of  many  causes,  such  as  mechanical  pressure  of 
superincumbent  masses,  increase  of  temperature,  internal  chemical 
processes,  and  so  forth. 

Even  though  the  peculiar  structure  of  rocks  may  in  many  cases 
afford  good  ground  for  conjecture  as  to  the  relative  age,  yet 
it  is  certain  that  deposits  of  similar  age  may  show  an  entu-ely 
different  petrographical  character;  and,  on  the  other  hand,  that 
deposits  of  very  diiferent  ages  may  have  given  rise  to  rock  forma- 
tions that  can  be  scarcely  or  not  at  all  distinguished  from  one 
another. 

The  old  idea  that  deposits  of  the  same  age  must  everywhere  contain 
the  same  fossils,  could  only  be  maintained  as  long  as  geological  inves- 
tigations were  confined  to  small  districts.  Similarly  the  idea,  closely 
connected  with  the  former,  that  the  various  geological  formations, 
characterised  by  a  series  of  definite  strata,  are  entirely  independent 
uf  one  another,  no  longer  obtains  credit.     Tbe  various  forma- 
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QUARTIAKY  PERIOD 
{Diluvial  and  Alluvial 
Formation^:). 


TERTIARY  PERIOD 
{Caiiiozoie  Formations) 


tions,*  as  the  group  of  strata  of  one  district  of  distribution  and  belong- 
ing to  one  period  are  named,  cannot  be  divided  petrographically  or 

*  The  follo^ving  table  may  serve  for  a  bird's-eye  view  of  the  geological  periods 
and  their  most  important  formations  : — 

Recent  Periods  (alluvium,  marine  and  fresh-water 
formations). 

Postpliocenc  or  Diluvial  Period  (erratic  boulders, 

glacial  period). 
Pliocene  Period,  (subappenine  formations,  bone  sand 

of  Bppelsheim,  etc.) 
Miocene  Period  (Molasse,  Tegel  near  Vienna,  brown 
coal  in  North  Germany,  etc). 

j  Flysch,  Nummulite  formation 
(    of  the  Paris  basin. 

I"  Maestricht  strata,  white  chalk, 
■j     upper  green  sand,  Gault, 
lower  green  sand,  Weald. 

Purbeck  strata,  Portland  stone, 
Kimmeridge  clay.  Coral  Kag, 
Oxford  clay.  Great  oolite, 
Lower  oolite,  Lias  (white, 
brown,  and  black  jura). 
Keuper  or  upper  new  red  sand- 
stone, Muschelkalk  (upper 
Muschelkalk,  gypsum  and 
anhydrite,  Wellenkalk,  Bun- 
ter  Sandstein). 


SECONDARY  PERIOD 

(Mesocoic  Formation ) . 


Eocene  Period 


Oretaceo^is  Period 


Jurassic  Period 


SECONDARY  PERIOD 
( Mesozoio  Form atio n  s ) . 


Triassic  Period 


Peo'mian 


Carloniferom 
Period 


\  Zechstein, 

lower  new  red  sandstone 


Eothliegendes. — 


PALiEOZOIC  PERIOD 

(PalcBOZoic  Formations). 


Coal  Measures  of  England, 
Germany,  and  North 
America,  Kulmformation, 
Carboniferous  limestone. 


Devo7iiau  Period  (Spiriferenscbiefer,  Cypridinen- 
schiefer,  Stryngocephalenkalk,  etc. — old  red  sand- 
stone.) 

Sihcrian  Period:  (Ludlow,  Wenlock,  strata,  etc.) 
\Camhrian  Period  (slate,  etc.) 

j  Thonschiefer,  Laurentian  formations.  Mica  schist, 
(    Older  Gneiss  formations. 
According  to  Professor  Eamsay  the  groups  of  formations  in  England  have  a 
thickness  of  72,.584:  feet,  i.e.,  about  13|  English  miles  ;  that  is,  formations  of  the — 

Palfeozoic  period  have  a  thickness  of  57,1541 
SecoMary  ,.  „  13,190  1 72,584  feet 

Tertiary  „  „  2,240  ! 
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palteoritologiciilly  from  each  other  in  such  a  manner  as  to  lend  support 
to  the  hypothesis  of  sudden  and  mighty  revolutions  and  ctitastrophes 
destroying  the  whole  living  world.  We  may  rather  assert  with  cer- 
tainty, that  the  extinction  of  old  species  and  the  appearance  of  new 
ones  has  hot  taken  place  at  the  same  time  at  all  points  of  the  surface 
of  the  earth,  for  many  species  extend  from  one  formation  into 
another,  and  a  number  of  oi'ganisms  persist  from  the  tertisiry  period 
to  the  present  time,  but  little  altered  or  even  identical.  Just  as  the 
commencement  of  the  recent  epoch  is  hard  to  define,  and  cjinnot  be 
sharply  separated  from  the  diluvial  period  by  the  character  either 
of  its  deposits  or  of  its  fossils,  so  it  is  with  the  remoter  periods  of 
the  earth's  history,  which  are  founded,  like  periods  of  human  history, 
upon  great  and  unportant  occurrences,  and  yet  are  in  direct  con- 
tinuity. 

Lyell  has  proved  in  a  convincing  way  on  geological  grounds  that 
there  were  not  sudden  revolutions  extending  over  the  whole  surface 
of  the  earth,  but  that  changes  took  place  slowly,  and  were  confined* 
to  separate  localities;  in  other  words,  that  the  past  history  of  the 
earth  consists  essentially  of  a  gradual  process  of  development,  in  which 
the  numerous  forces  which  may  be  observed  in  action  at  the  present 
day  have,  by  their  long  continued  operation,  had  an  enormous  total 
effect  in  transforming  the  earth's  surface. 

The  reason  for  the  irregular  development  of  strata  and  for  the 
limitations  of  formations  is  principally  to  be  sought  in  the  interrup- 
tion of  depositions,  which,  though  widely  distributed,  were  only  of 
local  importance.  Were  it  possible  that  a  single  basin  of  the  sea 
should  have  persisted  during  the  whole  period  of  sedimentary  forma- 
tion and  under  singularly  favourable  circumstances  have  formed  new 
deposits  in  persistent  continuity,  then  we  should  find  a  progres- 
sive series  of  strata  interrupted  by  no  gaps,  which  we  should  be 
unable  to  classify  according  to  formations.  Such  an  ideal  basin 
would  include  only  a  single  formation,  in  which  we  shoidd  find 
representatives  of  all  the  other  formations  of  the  sm^face  of  the 
earth. 

*  "  Every  sedimentary  formation  was  extended  at  the  time  of  deposition  over  a 
confined  territory— confined  on  the  one  hand  by  the  extent  of  the  sea  or  fresh- 
vrater  basin,  and  on  the  other  by  the  different  conditions  favourable  to  the  depo- 
sition inside  the  basin.  At  the  same  time,  in  other  places  entirely  or  at  any 
rate  somewhat  differentlv  stratified  formations  {/.r.,  formations  of  the  same  age, 
but  of  diflEerent  composition)  resulted.  Thus  marine,  fresh-water,  and  swamp 
formations  have  been  deposited  at  the  same  time  from  different  rocks  and  with 
different  fossils,  while  the  laud  surface  has  remained  free."    Comp.  B.  Cotta, 

Die  Geologic  der  Gegenwart." 
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In  reality  this  ideal  continuous  series  of  strata  is  interrupted  by 
numerous  and  often  large  gaps,  which  determine  the  petrographical 
and  paljeontological  differences,  often  strongly  marked,  between 
successive  strata,  and  correspond  to  periods  of  inactivity,  or,  as 
may  happen,  to  periods  when  the  results  of  sedimentary  action 
have  been  again  destroyed.  These  interruptions  of  local  deposits 
are  explained  by  the  constant  alterations  of  level  which  the 
sm-face  of  the  earth  has  undergone  in  every  period  in  consequence 
of  the  reaction  of  the  molten  contents  of  the  earth  against  its  firm 
crust. 

As  we  see  in  the  present  time  that  wide  tracts  of  country  are 
gradually  sinking  (west  coast   of  Greenland,  coral  islands),  while 
others  are  beii^g  slowly  elevated  (west  coast  of  South  America, 
Sweden) ;  that  strips  of  coast  line  are  suddenly  submerged  beneath 
the  sea  by  subterranean  forces,  and  that  islands  as  suddenly  appear; 
so  it  was  in  earlier  periods.    Elevation  and  depression  were  at  work, 
perhaps  uninterruptedly,  causing  a  gradual,  more  rarely  a  sudden 
(and  then  locally  confined)  interchange   between  land  and  sea. 
Basins  of  the  sea  rising  with  gradual  movement  became  dry  land  and 
I'ose  up  first  as  islands,  and  afterwards  as  connected  continents,  the 
different  deposits  of  which,  with  their  included  fossils,  bear  witness 
of  the  sea  which  once  covered  them.    On  the  other  hand,  great 
continents  sank  beneath  the  sea,  leaving  perhaps  their  highest  moiin- 
tain  peaks  appearing  as  islands,  and  again  became  the  seat  of  fresh 
deposition  of  strata.   In  the  first  case  there  would  be  an  interruption 
of  deposit,  while  in  the  latter  there  would  result,  after  a  longer  or 
shorter  period  of  inactivity,  the  beginning  of  a  new  formation.  Since, 
however,  elevations  and  depressions,  even  though  affecting  districts  of 
great  extent,  must  always  be  locally  confined,  the  commencement  and 
interruption  of  formations  of  equal  age  have  not  taken  place  every- 
where at  the  same  time.    Deposits  continued  a  long  time  on  one  tract 
after  they  had  ceased  on  another;  hence  the  upper  and  lower  boun- 
dary of  equivalent  formations  may  show  great  want  of  uniformity, 
according  to  the  different  locality.    This  explains  how  it  is  that  for- 
mations lying  one  above  the  other  are  composed  of  strata  of  ver'y 
variable  thickness,  and  why  we  can  only  in  rare  cases  supply  the  gaps 
in  the  series  of  these  strata  from  strata  found  in  other  countries. 
The  whole  succession  of  formations  known  to  us  up  to  the  present 
time  is  not  sufficiently  complete  to  form  an  entire  and  uninteri-upted 
series  of  the  sedimentary  formations.    There  are  still  numerous  and 
important  gaps  in  the  geological  record  which  we  may  expect  to 
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see  filled  in  future  days,  when  knowledge  has  increased,  and  per- 
haps only  when  formations  now  beneath  the  sea  have  become  known 
to  us. 

Imperfection  of  the  Geological  Record. -After  the  foregoing  dis- 
cussion we  may  consider  that  the  continuity  of  living  or-ganisms  in 
the  successive  periods  of  the  earth's  development  and  their  close 
rehitionship  has  been  proved  partly  l.y  geological  and  partly  l)y 
pal£eontological  facts.  The  theory  of  descent,  however,  ^^ccording  to 
which  the  natural  system  must  be  regarded  as  a  genealogical  tree 
requires  still  further  proof.  It  requires  proof  of  the  presence  of 
numerous  forms,  transitional  not  only  between  the  species  now 
existing  and  those  in  the  more  recent  formations,  but  also  between 
the  species  in  all  those  formations  which  have  immediately  succeeded 
one  another  in  point  of  time.  The  theory  also  demands  proof  that 
forms  connecting  the  different  groups  of  plants  and  animals  of  the 
present  day  have  existed.  The  estalilishment  and  limitation  of  these 
groups  can,  according  to  Darwin,  only  be  explained  by  the  extinction, 
in  the  course  of  the  earth's  history,  of  ninnerous  and  intimately 
connected  species.  Palajontology  is  only  able  imperfectly  to  comply 
with  these  demands ;  for  the  numerous  closely  graduated  series  of 
varieties  which,  according  to  the  theory  of  selection,  must  have 
existed,  are,  for  the  greater  number  of  forms,  entirely  wanting  in 
the  geological  record. 

This  want,  however,  which  Darwin  himself  recognised  as  an 
objection  to  his  theory,  loses  its  importance  when  we  consider  the 
circumstances  under  which  organic  remains  were  generally  deposited 
in  mud,  and  preserved  for  succeeding  ages  in  a  fossil  form ;  when 
we  recognise  the  facts  which  indicate  the  extraordinary  incomplete- 
ness of  the  geological  record,  and  which  show  that  the  intermediate 
forms  must  have  been  in  part  described  as  species. 

First  of  all  we  can  only  expect  to  find  in  deposits  the  remains  of 
those  organisms  which  possessed  a  firm  skeleton  supporting  the  softer 
parts  of  the  body,  since  it  is  only  the  harder  structures  of  the  body, 
such  as  the  bones  and  teeth  of  Vertebrates,  the  calcarepus  and 
silicious  shells  of  Molluscs  and  Rhizopods,  the  shells  and  spines  of 
Echinoderms,  the  chitinous  skeleton  of  Arthropods,  etc.,  which  are 
able  to  resist  rapid  decay,  and  to  undergo  gradual  petrifaction. 
Thus  the  geological  record  will  fail  to  provide  us  with  any  account  of 
the  numerous  and  principally  low  organisms  which  are  not  pro- 
vided with  firm  skeletal  structures. 

But  also  among  those  organisms  which  are  capable  of  becoming 
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fossilized,  there  are  large  groups  which  have  only  exceptionally  left 
traces  of  their  existence  :  these  are  the  animals  which  lived  on  land. 
Fossil  remains  of  land  animals  can  only  have  survived  when,  during 
great  floods  or  inundations,  or  for  some  reason  or  othei'  their  carcasses 
have  been  carried  away  by  the  water,  floated  hither  and  thither,  and 
been  surrounded  finally  by  hardening  mud.  This  explains  not  only 
the  relative  scarcity  of  fossil  Mammalia,  but  also  the  fact  that  of 
the  most  ancient  Marsupials  (Stonesfield  slate),  scarcely  anything 
is  preserved  but  the  underjaw,  which,  as  the  body  decayed,  was 
easily  detached,  and,  on  account  of  its  weight,  offered  most  resist- 
ance to  the  current  of  the  water,  and  was  the  first  part  to  sink  to 
the  bottom.  Although  it  has  been  shown  by  such  remains  that 
Mammalia  existed  in  the  Jurassic  period,  yet  the  Eocene  forms 
are  the  first  which  give  us  an  insight  into  the  details  of  their 
structure. 

Circumstances  must  have  been  more  favourable  to  the  preservation 
of  fresh-water  animals,  and  most  of  all  to  that  of  marine  animals, 
since  the  marine  deposits  have  a  much  greater  extent  than  the 
locally  confined  fresh-water  deposits.  Thick  formations  seem  in 
general  to  have  arisen  under  one  of  two  conditions  :  either  in  a  very 
deep  sea,  protected  from  the  operation  of  winds  and  waves,  no 
matter  whether  the  bottom  was  gradually  rising  or  sinking — in  this 
case,  however,  the  strata  would  be  relatively  poor  in  fossils,  since 
only  the  inhabitants  of  the  deep  sea,  which  is  comparatively  wanting 
in  animal  and  vegetable  life,  would  be  preserved — -or  in  a  shallow  sea, 
in  which  the  bottom  underwent  a  gradual  and  continued  depression 
during  long  periods  of  time  favourable  to  the  development  of  a  rich 
and  varied  fauna  and  flora.  In  this  case  the  sea  would  have  retained 
uninterruptedly  its  rich  fauna  so  long  as  the  gradual  sinking  of 
its  bottom  was  counteracted  by  the  continual  supply  of  sediment 
deposited  upon  it.  Thick  formations,  all  or  most  of  the  sti-ata  of 
which  are  rich  in  fossils,  must  have  been  deposited  on  extended  and 
very  shallow  regions  of  the  sea,  during  a  long  peiiod  of  gradual 
depression. 

Thus  the  great  gaps  which  occur  in  the  series  of  palteontological 
remains  are  explained  by  a  consideration  of  the  mode  of  origin  of 
deposits.  These  remains  must  necessarily  be  confined  to  the  more 
recent  formations.  The  lower,  more  ancient,  and  very  thick  succes- 
sions of  strata  in  which  the  remains  of  the  oldest  fauna  and  flora 
must  have  been  buried,  seem  to  have  been  so  completely  altered  by 
the  heat  of  the  molten  interior  of  the  earth,  that  the  organic 
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residua  which  they  contain  have  been  completely  destroyed,  or  so 
altered  that  they  cannot  be  recognised. 

In  any  case  it  may  be  regarded  as  certain,  that  only  a  small  part  of 
the  extinct  animal  and  vegetable  woi-ld  has  been  preserved  in  a 
fossil  state,  and  that  of  this  we  only  know  a  small  part.  Therefore 
we  cannot  conclude  that,  because  the  fossil  remains  of  intermedi^ite 
stages  cannot  be  found,  they  have  never  existed. 

If  fossilized  transitional  forms  are  wanting  in  the  strata  where 
they  should  have  occurred,  or  if  a  species  suddenly  appears  in  the 
middle  of  a  series  of  strata  and  suddenly  disappears,  or  if  whole 
groups  of  species  make  their  appearance  and  quickly  vanish,  the 
value  of  these  facts  as  arguments  against  the  theory  of  selection 
is  diminished  by  the  circumstance  that  in  certain  cases  series  of 
transitional  forms  between  more  or  less  remotely  related  organisms 
have  been  found,  and  that  many  species  have  been  developed  in 
course  of  time  as  links  between  other  species  and  genera ;  and  again, 
that  species  and  groups  of  species  not  unfrequently  increase  veiy 
gradually  till  they  attain  an  unusually  wide  distribution,  extend 
into  later  formations,  and  then  gradually  disappear  again.  Such 
positive  facts  have  a  higher  value  when  we  consider  the  incomplete- 
ness of  fossil  remains. 

It  mil  suffice  here  to  refer  to  the  Ammonites  and  Gasteropods, 
such  as  Valvata  multiformis,  as  examples  supplied  to  us  by  Palison- 
tology  of  transitional  forms  which  can  be  arranged  in  a  gradual 
series. 

Relation  of  Fossil  Forms  with  Living  Species. — The  close  rela- 
tionship of  the  plants  and  animals  of  the  present  time  to  the  fossil 
remains  of  recent  formations  is  a  fact  of  great  importance.  In 
particular,  we  find  in  the  diluvial  period  and  in  the  diffei'ent  tertiary 
formations  the  ancestral  forms  from  which  numerous  living  species 
are  directly  descended ;  and  further  the  characteristic  features  of  the 
fauna  of  any  particular  geographical  province  in  the  present  epoch 
are  foreshadowed  by  the  fauna  of  the  epoch  immediately  preceding  in 
the  same  region ;  a  fact  which  is  proved  by  the  fossil  remains  we  find 
buried  in  the  most  recent  strata. 

Many  fossil  Mammalia  from  the  diluvial  period  and  the  most  recent 
(pliocene)  tertiaiy  formations  of  South  America  belong  to  types  of  the 
order  of  Edentata  which  are  now  distributed  in  that  part  of  the  world. 
Sloths  and  Armadillos  of  immense  size  [Megatherium,  Megalonyx, 
Glyjitodon,  Toxodon,  etc.)  formerly  inhabited  the  same  continent,  the 
mammalian  fauna  of  which  in  the  present  day  is  so  specially  charac- 
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terisecl  by  its  Sloths,  Ai-madillos,  and  Anteaters.  In  addition  to 
these  gigantic  forms,  smaU  an^l  extinct  species  have  been  found  in 
the  bone  caves  of  Brazil,  and  some  of  these  are  so  nearly  related  to 
the  livmg  forms  that  we  may  assume  them  to  have  been  their 
ancestoi'S. 

This  law  of  the  "  succession  of  similar  types  "  in  the  same  localities 
is  also  exemplified  by  the  Mammalia  of  New  Holland  ;  for  in  the 
bone  caves  of  that  country  are  found  many  species  nearly  allied  to 
its  present  Carnivora.  The  same  law  holds  good  for  the  gigantic  birds 
of  New  Zealand,  and,  as  Owen  and  others  have  shown,  for  the  Mam- 
malia of  the  Old  World,  which,  indeed,  is  continuous  by  the  circum- 
polar  region  with  North  America ;  and  ancient  types  were  able,  in  the 
tertiary  period,  to  pass  into  North  America,  and  vice  versd  by  that 
way.  The  presence  of  Central  American  types  {Didelphys)  in  the 
early  and  middle  tertiary  formations  of  Europe  is  to  be  explained 
in  the  same  way.  It  is  even  more  difficult  to  distinguish  the  regions 
of  distribution  of  the  animals  of  that  time  than  of  those  of  the  later 
tertiary  period. 

The  evolution  of  the  ancient  forms  into  those  of  the  present 
time  was  effected  in  the  case  of  lower,  simply  organised  animals 
at  a  much  earlier  period  than  in  the  case  of  higher  organisms. 
Rhizopods,  indistinguishable  from  species  living  at  the  present 
time  {globigerina  ooze)  were  already  living  in  the  Cretaceous  period. 
The  deep  sea  explorations  *  have  accordingly  yielded  the  interesting 
result,  that  certain  Sponges,  Corals,  Molluscs,  and  Echinoderms  now 
living  in  the  deep  sea  existed  in  the  Cretaceous  period.  We  meet 
■\vith  a  number  of  living  species  of  Molluscs  in  the  oldest  tertiary 
period,  though  the  mammalian  fauna  of  this  period  differs  completely 
from  that  of  the  present  day.  The  greater  number  of  species  of 
MoUuscs  found  in  the  recent  tertiary  period  resemble  those  of  the 
present  day,  but  the  Insects  of  that  formation  differ  considerably  from 
living  species. 

On  the  other  hand,  the  Mammalia,  even  in  the  post-pliocene 
(diluvial)  deposits,  differ  in  part  both  in  genera  and  species  from 
those  of  the  present  day,  although  a  number  of  forms  have  been 
preserved  through  the  glacial  period.  On  this  account,  and  on 
account  of  the  relative  completeness  of  the  tertiary  remains,  it  is 

*  {RMzocrinus  Lofotensis — A2niicri)uti;s,  Pleurotomaria,  SijtJiiDiuc,  Micrastcr, 
Pomocaru,  etc.)  Types  of  earlier  and  even  of  the  older  geological  formations 
have  been  found  preserved  in  the  depths  of  the  ocean,  which,  in  spite  of  the  great 
pressure,  the  want  of  light  and  deficiency  in  gaseous  contents  of  the  water,  are 
more  suited  to  the  development  of  animal  life  than  was  formerly  believed. 
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especially  interesting  to  trace  the  recent  mammalian  fauna  back 
through  tlie  pleistocene  forms  to  the  forms  of  the  oldest  tertiary 
period.  It  is  possible  to  trace  the  ancestry  of  a  number  of  mam- 
malian species.  Riitimeyer  was  the  first  to  undertake  to  trace  out  the 
ancestral  line  of  the  Ungulata,  and  especially  of  the  Rumincmtia, 
so  as  to  obtain  a  palaeontological  developmental  history,  and  succeeded 
in  obtaining  results,  by  means  of  detailed  geological  and  anatomical 
(deciduous  teeth)  comparison,  which  leave  no  room  to  doubt  tliat 
whole  series  of  species  of  existing  mammalia  are  collaterally  or 
directly  related  with  each  other  and  with  fossil  species.  Riitimeyer's 
investigations  have  received  corroboration  in  their  essential  points 
from  the  recent  comprehensive  works  of  W.  Kowalevski,  and  have 
resulted  in  the  establishment  of  a  natural  classification  of  the  ungulate 
animals  founded  on  phylogeny. 


Fig.  117. — Bones  of  tlie  feet  of  the  different  genera  of  the  Eqiiidce  (after  Marsh),  a.  Foot  of 
Orohippus  (Eocene),  h,  Foot  of  Anchithermm  (Lower  ^Miocene),  e,  Foot  of  Sipparion 
(Pleiocene).    d,  Foot  of  the  recent  genus  JEguits. 

In  addition  to  these  works  we  have  the  recent  researches  of 
Marsh,  who  has  completed  to  an  extraordinary  degree  our  knowledge 
of  the  genealogy  of  the  genus  Bqims,  by  numerous  discoveries 
(fig.  117)  in  America  (^Wyoming,  Green  River,  White  River).  The 
eocene  Orohijypus,  in  which  the  small  posterior  toes  were  present  as 
well  as  the  three  principal  toes  which  rested  on  the  ground,  was 
succeeded  in  the  Lower  Miocene  formation  by  Anchitheriimi  with 
three  hoofs  ;  and  the  latter  was  followed  by  the  Hi'pparion  of  the 
Pleiocene  formations ;  and  this  is  the  ancestral  form  of  the  existing 
genus  Eqims. 

The  oi'igin  of  most  orders  of  Mammalia,  such  as  Rodeniia,  Cheirop- 
tera, Prohoscidea,  Cetacea,  etc.,  cannot  be  clearly  ti-aced  out,  but 
for  certain  orders,  as  the  Prosimice,  Carnivora,  Ungulata,  and  Ro- 
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dmtia,  remarkable  transitional  forms  have  been  discovered  among 
the  remains  of  extinct  types.  These  also  appear  most  prominently 
among  the  tertiary  remains  of  North  America.  In  the  Eocene 
period  here  (Wyoming)  lived  the  Tillodontia  with  the  genus  Tillo- 
theHum*  characterized  by  having  a  broad  skull  like  a  bear,  two  broad 
incisor  teeth  like  a  rodent,  and  molar  teeth  like  Pcdceotherium,  and 
feet  having  five  toes  armed  with  strong  claws.  It  thus  united  in 
its  skeletal  structure  peculiarities  of  Carnivora  and  Ungulata.  The 
Dinocerata  [Dinoceras  latice2}s  mirabile)  were  powerful  Ungulates 
with  five  toed  feet  with  six  horns  on  theii-  heads,  without  incisors  in 
the  prtemaxillary  bone,  with  strong  sabre-like  canine  teeth  in  the 
upper  jaw  and  with  six  molars. 

A  third  type,  that  of  the  Brontotheridce  attained  elephantine 
proportions,  and  was  provided  with  transversely  placed  horns  in  front 
of  the  eyes.  In  addition  to  the  foregoing  there  are  a  number  of 
other  groups  of  Mammals  now  completely  extinct,  the  remains  of 
which  extend  back  into  far  earlier  strata.  Amongst  them  are  the 
South  Am.eTicax\  MegatheridcB  {Mylodon,  Megatherium),  which  belong 
to  the  order  Edentata,  and  the  Toxodontia,  whose  skull  and  dentition 
show  relations  to  the  Ungulates,  Rodents,  and  Edentates.  Many 
other  types,  however,  especially  of  the  Ungulates,  which  during  the 
tertiary  period  inhabited  both  hemispheres,  are  now  extinct  in 
America,  but  still  exist  in  the  East.  Elephants,  Mastodonta, 
Hhinoceridse,  and  Eqiiidse  existed  in  America  in  the  diluvial  but 
not  in  recent  periods.  Of  the  Perissodactyles  the  group  of  Tapirs 
alone  is  preserved  in  America,  This  group  has  also  been  preserved 
in  the  Eastern  hemisphere  in  the  East  Indian  species. 

In  the  palfearctic  region  also  are  found  the  remains  of  extinct 
intermediate  groups  of  Mammals  which  existed  during  the  tertiary 
period.  In  the  Phosphorites  of  Quercyt  in  the  south  of  France  are 
found  the  remains  of  the  skulls  of  Prosimiaj  [Adapts),  the  dentition 
of  which  is  intermediate  between  the  ancient  Ungulates  and  the 
Lemuridse  (^Pachylemuridce),  so  that  the  question  may  be  raised 
whether  the  Prosimise  had  not  a  common  ancestry  with  several 

*  Compare  0.  C.  Marsh,  "Principal  Characters  of  the  Tillodontia."  Amer. 
Journal  of  Seleiwc  and  Art,  Vol.  xi.,  1876. 

0.  C.  Marsh,  "  Principal  Characters  of  the  Dinocerata."  ^1  mer.  Journal  oj 
Science  and  Art,  Vol.  xi.,  1876. 

0.  C.  Marsh.  "  Principal  Characters  of  the  Brontotheridfe. "  Amrr.  Journal 
of  Science  and  Art,  Vol.  xi.,  1876. 

t  Compare  H.  Filhol,  "  Recherches  sur  les  Phosphorites  du  Qucrcy,  ]&tude 
des  fossils  qu'on  y  rencontre  et  spdcialement  des  Mammiferes."  Ann.  Sciences 
{/eolof/iqiiex,  Vol.  vii.,  1876. 
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eocene  Ungulates  {Pachydermata).  In  the  same  locality  are  found 
the  well  preserved  remains  of  the  bones  of  peculiar  Carnivora  whicli 
are  well  worthy  of  remai-k.  These  are  the  Hyjenodonta.  It  was  foi- 
a  long  time  doubtful  whether  they  were  Marsupials  or  not,  until 
Filhol  showed  from  the  reserve  teeth  of  their  permanent  dentition 
that  they  were  probably  of  the  nature  of  placental  Carnivora.  The 
great  agreement  of  the  molars  of  these  Hysenodonta  with  those  of 

the  carnivorous  Mai-- 
supials,  as  well  as  the 
small  size  of  the  skull 
cavity  and  the  rela- 
tively slight  develop- 
ment of  the  brain, 
support  the  view, 
which  is  also  rendered 
probable  by  many 
other  circumstances, 
that  placental  Mam- 
malia have  developed 
from  the  Marsupials 
of  the  mesozoic 
pei'iod. 

In  the  oldest  sti-ata 
of  the  Eocene  forma- 
tions in  both  hemi- 
spheres, the  higher 
placental  Mammalia 
already  appear  in  a 
rich  variety  of  forms, 
which  contrast  mark- 
edly with  one  another 
(^Artiodactyla,  Peris- 

FiG.  118.— Pterodactyhts  crassirodris  (after  Goldfiiss)  about  There  is 

one -third  natural  size.  J    I'  ' 

however,  no  ground 

for  regarding  the  immeasurable  period  from  the  oldest  Eocene  to  the 
Keuper,  in  which  the  oldest  Mammalian  remains  (the  teeth  and 
bones  of  insectivorous  Marsupials)  have  been  found,  as  the  period  in 
which  this  higher  development  of  the  Mammalian  organism  has  been 
effected. 

In  other  cases  also  the  science  of  paljeontology  has  led  to  the 
discovery  of  intermediate  forms  between  groups  and  even  between 
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classes  and  orders.  The  Lahyrinthodonta,  the  most  ancient  of  the 
Amphibia,  found  as  early  as  the  carboniferous  period,  present  many 
piscine  characters  {ventral  exosMeton),  and  have  a  cartihxginous 
skeleton.  Many  fossil  orders  and  sub-orders  of  Saurians  {Halo- 
scmridce,  Dinosauridce,  Pterodactylidice  (fig.  118),  Thecodontidce)  have 
not  left  a  single  representative  in  the  present  day  ;  others  again  are 
transitional  between  recent  orders.  Such  a  relation  has,  for  example, 
been  recently  shown  between  the  "  Pythonomorphous  "  lizards  (related 
to  the  genus  Mosasaurus)  from  the  chalk  in  America,  and  serpents 
so  far  as  the  structure  of  the  skull  and  jaw  is  concerned. 

Owen's  researches  on  the  fossil  Reptiles  of  the  Cape  have  shown 
that  certain  Reptiles  {Theriodonta)  once  lived  there  which  showed 
a  close  resemblance  to  carnivorous  Mammalia  with  regard  to  their 
dentition  and  the  structure  of  their  feet.  The  teeth  of  these 
animals,  though  only  furnished  with  one  root,  can  be  divided  into 
incisors,  canine  teeth,  and  molars,  a  fact  which  induces  us  to  believe 
it  possible  that  the  dentition  of  the  most  ancient  Marsupials  hitherto 
known  (Keuper)  may  be  derived  from  tha.t  of  a  Theriodon-Wke 
Reptile. 

Even  as  regards  birds,  a  class  so  uniform  in  structure  and  so 
sharply  defixied,  a  form  [Archceopteryx  lithograjyhica)  (fig.  119) 
transitional  between  them  and  Reptile  has  been  discovered  in  the 
Sohlenhofen  slate,  although  the  impression  was  not  perfect.  In  this 
foi"m  the  short  tail  of  the  bird  is  replaced  by  a  long  reptilian  tail 
composed  of  numerous  (20)  vertebrae  and  provided  with  two  rows 
of  feathers  [Saururce).  The  articulation  of  the  vertebral  column 
and  the  structure  of  the  pelvis  indicated  an  affinity  to  the  long-tailed 
Pterodactyls. 

The  discovery  of  a  second  and  more  perfect  specimen  of  Archceop- 
teryx  has  made  known  to  us  its  dentition.  It  had  sharp-pointed 
teeth  wedged  into  the  jaws.  Other  types  of  birds  have  also  been 
found  in  the  American  chalk,  which  diverge  more  widely  among 
themseves  and  from  the  Saurians  than  do  the  birds  of  any  living 
order.  These  were  defined  as  Odontornithes  by  Marsh,*  and  dis- 
tinguished as  a  sub-class ;  they  had  teeth  in  the  jaws,  which  latter 
were  elongated  to  form  a  kind  of  beak.  Some  of  them  (Order 
Ichthyornithes)  had  bicoelous  vertebrse,  a  crista  stei-ni,  and  well 

*  0.  C.  Marsh,  "  On  a  new  sub-class  of  fossil  Birds  {Odontornithes)J" 
American  Jtmrnal  of  Science  and  Art,  Vol.  v.,  1873. 

0.  C.  Marsh,  "  On  the  Odontornithes,  or  birds  with  teeth."  American 
Journal  of  Scienee  and  Art,  Vol.  x..  1875. 
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developed  wings  {Ichthi/ornis).    Others  {Odontolcoi)  had  teeth  em- 


Pig.  119. — ArchcEopteryx  lithograpKica. 


bedded  in  pits,  normal  vertebrae,  no  keel  to  the  breast-bone,  and 
rudimentary  wings.    They  were  not  capable  of  flight  {HesjJerornis , 
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Lestornis).  Possibly  in  future  clays  we  shall  be  able  by  the  dis- 
covery of  new  types  to  establish  the  connection  with  the  Dino- 
saunans  (Compsognatlms),  the  formation  of  whose  pelvis  and  feet 
ofter  a  closer  relationship  to  those  parts  in  birds. 

Advance  towards  perfection. — If  we  compare  the  animal  and 
vegetable  life  of  the  most  ancient  formations  with  that  of  the  sue 
ceeding  periods  of  the  earth's  development,  it  becomes  evident  that 
there  has  been,  on  the  whole,  a  continual  progress  from  a  lower  to  a 
higher  condition.  The  oldest  formations  of  the  so-called  archsean 
time,  the  rocks  of  wlaich  are  for  the  most  part  in  a  metamorphic 
state,  must  from  their  enormous  thickness  have  occupied  immea- 
surable time  in  their  origin.  They  contain  no  fossil  remains  which 
can  be  recognised  with  certainty  as  such ;  although  the  presence  of 
bituminous  gneiss  in  the  old  formations  is  a  proof  of  the  existence 
of  organic  bodies  at  that  time.  All  the  organisms  of  these  most 
ancient  periods,  which  were  certainly  numerous,  have  been  de- 
stroyed without  leaving  any  further  traces  than  the  Graphite 
deposits  of  the  crystalline  schist.  In  the  most  ancient  and  very 
extensive  groups  of  strata  we  find  exclusively  cryptogamous  plants, 
especially  Fuci,  which  formed  extensive  forests  beneath  the  sea. 

The  warm  seas  of  the  primary  period  were  inhabited  by  numerous 
sea  animals  of  very  different  groups,  such  as  Zoophytes,  Molluscs 
(especially  Brachiopoda),  Crustaceans  (larva-like  Hymenocaris,  Trilo- 
hites),  and  Fishes  whose  peculiar  armoured  forms  {Ce2Jhalas2ndce) 
indicate  a  low  stage  of  organization.  In  the  coal  formations  we 
meet  for  the  first  time  wifch  the  remains  of  land  animals.  Amphibia 
{A2Xttheon,  Archegosaurus),  with  a  notochord  and  a  cartilaginous 
skeleton ;  we  also  find  Insects  and  Spiders ;  and  in  the  Permian 
formations  we  meet  with  large  lizard-like  reptilian  forms  [Protero- 
saurus);  while  fishes,  exclusively  Elasmobranchs  and  Ganoids  with 
a  notochord,  and  vascvilar  cryptogamous  plants  (Tree-ferns,  Lepido- 
dendra,  Calamites,  Sigillaria,  Stigmaria)  still  predominate. 

In  the  carboniferous  period  isolated  instances  of  the  Lizards- 
amongst  Vertebrates  and  of  Coniferas  and  Cycadite  amongst  plants- 
had  already  made  their  appearance  ;  but  in  the  secondary  period  they 
obtained  such  a  preponderance  that  the  whole  period  has  been  named 
from  them  the  period  of  Saurians  and  Gymnospernis.  Amongst 
the  first  the  colossal  Dinosaurians  living  upon  the  land,  the  flying 
Lizards  or  Pterodactyls,  the  Halosaurians,  with  their  best  known 
genera  Idiihyosaurus  and  PlesiosoburiijS,  are  entirely  peculiar  to  the 
secondary  period. 

12 
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Examples  of  Mammalia,  althouf,'h  Hcavce,  are  found  in  the  upper 
Triassic  beds,  and  also  in  the  Jurassic.  Such  Mammalia  belong 
without  exception  to  the  lowest  grade  of  Marsupials.  Flowering 
plants  appear  for  the  first  time  in  the  chalk,  as  do  the  oldest  remains 
of  distinctly  bony  fishes. 

Flowering  plants  and  Mammalia — and  amongst  the  latter  the 
highest  order  of  Apes  is  represented — so  preponderated  in  the 
tertiary  period  that  it  has  been  called  the  period  of  leafy  forests  and 
Mammalia.  The  plants  and  animals  of  the  upper  tertiary  beds  show 
a  gradually  increasing  resemblance  to  those  of  the  present  time,  the 
higher  we  ascend  in  the  series.  Numerous  lower  animals  and  plants 
are  identical,  not  only  generically  but  also  specifically  with  those 
now  living,  and  the  genera  and  species  of  the  higher  animals  have 
a  greater  resemblance  to  those  of  the  present  time.  With  the 
transition  to  the  diluvial  and  recent  epoch,  the  number  and  area  of 
distribution  of  the  higher  types  of  flowering  plants  increase,  and  in 
every  order  of  Mammalia  we  find  forms  whose  structure  is  specialized 
more  and  more  in  definite  directions,  and  which  therefore  appear 
more  perfect.  In  the  dikivial  age  we  find  the  first  unmistakable 
traces  of  the  existence  of  Man.  His  history  and  the  development  of 
his  civilization  has  occupied  only  the  last  portion  of  the  recent  period 
which  has  been  relatively  so  short. 

Despite  its  great  incompleteness  the  geological  record  affords 
sufficient  material  to  prove  the  existence  of  a  progressive  develop- 
ment from  simple  and  lower  grades  of  organization  to  higher,  and 
to  confirm  the  law  of  a  progress  towards  perfection  in  the  succession 
of  the  groups.  We  are  indeed  unable  to  make  use  of  more  than 
a  small  period  of  the  time  that  has  been  occupied  in  this  progress 
towards  perfection  of  organisms,  since  the  organic  world  of  the  most 
ancient  and  extensive  periods  has  completely  disappeared  from  the 
record. 

If,  after  the  above  discussion,  we  consider  the  hypothesis  of  Trans- 
mutation of  Species  and  of  Descent  to  have  a  firm  foundation  on  fact, 
we  must  concede  a  high  value  to  Darwin's  theory  of  Selection  as  an 
explanation  of  the  manner  in  which  the  transmutation  of  species  has 
been  effected. 

There  are  yet  natural  historians  who  admit  the  great  changes 
which  the  animal  and  vegetable  world  have  undergone,  and  yet 
combat  the  Darwinian  principle  of  Selection,  without  being  able  to 
give  any  other  explanation.  The  phenomena  of  gradual  progress 
towards  perfection  agree  very  well  with  the  theory  of  Selection. 
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Natural  Selection  leads,  on  the  whole,  to  a  progressive  differentiation 
of  organs  (division  of  labour),  since  it  preserves  any  peculiarities 
which  are  of  use  in  the  struggle  for  existence,  and  thus  tends  to  the 
'  perfection  of  the  organism.  We  can  therefore  connect  the  progress 
of  simple  types  to  higher  ones  with  the  principle  of  utility  implied 
by  Natural  Selection,  without  being  obliged,  with  Nageli,  to  have 
recourse  to  the  obscure  notion  of  an  inexplicable  tendency  towards 
perfection.  It  is  the  latter  mystical  supposition,  and  not  Natural 
Selection,  which  is  contradicted  by  the  fact  that  we  find  a  number  of 
Rhizopods,  Molluscs,  and  Crustacea  {e.g.,  the  genera  Lincjula, 
Nautilus,  Limulus)  have  existed  almost  without  alteration  from  the 
earliest  formations  through  all  the  geological  periods  to  the  present 
time,  and  by  the  observation  of  a  retrogression  of  organization  in 
the  course  of  development  {e.g.,  retrogressive  metamorphosis  of 
Parasites). 

Nor  again  can  it  be  objected  that  on  the  hypothesis  of  Natural 
Selection  the  lower  types  should  have  been  long  ago  suppressed 
and  have  become  extinct,  while,  as  a  matter  of  fact,  there  are  higher 
and  lower  genera  in  every  class,  and  the  lowest  organisms  are 
numerous  and  widely  distributed.  It  is  precisely  the  great  variety 
in  the  degrees  of  organization  which  brings  about  and  is  favourable 
to  the  greatest  development  of  life,  all  the  forms  of  which,  both  the 
higher  and  the  lower,  being  best  suited  to  their  peculiar  circumstances 
are  able,  more  or  less  perfectly,  to  occupy  a  special  place  in  nature^ 
and  in  a  certain  sense  to  maintain  it.  Even  the  most  simple 
organisms  occupy  a  place  in  the  economy  of  nature  which  can  be 
filled  by  no  other  organisms,  and  are  necessary  to  the  existence  of 
numerou^s  higher  grades. 

However  well  grounded  we  admit  the  theory  of  Selection  to  be,  we 
cannot  accept  it  as  in  itself  sufiicient  to  explain  the  complicated  and 
involved  metamorphoses  which  have  taken  place  in  organisms  in 
the  course  of  immeasurable  time.  If  the  theory  of  repeated  acts 
of  creation  be  rejected  and  the  process  of  natural  development  be 
established  in  its  place,  there  is  still  the  first  appearances  of  organisms 
to  be  accounted  for,  and  especially  the  definite  course  which  the 
evolution  of  the  complicated  and  more  highly  developed  organisms 
has  taken  has  to  be  explained.  In  the  many  wonderful  phenomena 
of  the  organic  world,  amongst  others  in  the  origin  of  Man  in  the 
diluvial  or  tertiary  period,  we  have  a  riddle  the  solution  of  which 
must  remain  for  future  investigators. 
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CHAPTER  VI. 
PROTOZOA. 

Animals  of  simjjle  constitution  and  small  size  ;  without  tissues  com- 
posed of  definite  cells.  Sexual  rei^roduction  by  means  of  ova  and 
sjnrmatozoa  tmknown. 

From  a  morphological  point  of  view  the  Protozoa  have  remained 
at  the  stage  of  cells,  in  the  protoplasm  of  which  one  or  more  nuclei 
may  be  present.  The  phenomena  of  segmentation  of  the  egg  and 
formation  of  the  germinal  layers  are  therefore  absent  from  their 
development.  The  body  is  always  composed  of  a  contractile  granular 
substance,  filled  with  vacuoles  :  it  may  also  contain  a  pulsating  vacuole, 
and  present  the  phenomenon  of  granule  currents.  The  2^ulsating 
vacuole  consists  of  a  space  without  walls  filled  with  a  clear  fluid. 
This  space  apparently  diminishes  and  disappears  through  the  contrac- 
tion of  the  surrounding  plasma,  and  then  re-appeai-s. 

There  exists,  however,  in  the  varying  differentiations  in  the 
interior  of  the  saroode  body,  and  in  the  difierences  in  the  external 
boundary,  and  in  the  manner  of  nourishment,  a  number  of  modi- 
fications which  we  shall  use  foi-  the  foundation  of  groups.  In  the 
simplest  cases,  the  entire  body  consists  of  a  small  lump  of  sarcode, 
the  contractility  of  which  is  confined  by  no  firm  external  membrane. 
This  lump  of  sarcode  is  sometimes  semi-fluid,  and  protrudes  and 
retracts  processes.  It  is  sometimes  of  tougher  consistence  in  parts, 
and  protrudes  hair-like  rays  and  threads  (Fhizojjoda).  ISToui^ishment 
takes  place  through  the  intussusception  of  extraneous  bodies,  which 
can  be  surrounded  and  enclosed  by  the  protoplasmic  svibstance  at  any 
portion  whatsoever  of  the  periphery  of  the  body.  In  other  cases  the 
body  which  sends  out  slender  processes  (pseudopodia)  secretes 
silicious  or  calcareous  needles,  lattice-work  shells,  or  shells  perforated 
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by  holes,  to  shelter  and  protect  the  body  {Foraminifera,  Radiolaria). 
In  the  Infusoria  the  sarcode  body  is  bounded  by  an  external  mem- 
brane, and  is  capable  of  quick  and  varied  locomotion  by  means  of  the 
movements  of  the  cilia,  hairs,  bristles,  etc.,  which  it  possesses.  The 
solid  nourishing  matter  is  taken  in  thi-ough  a  mouth,  and  the 
remainder,  after  digestion,  passes  out  through  an  anal  aperture. 


CLASS  I— RHIZOPODA.* 


Protozoa  without  external  investing  membrane,  the  'parenchyma  of 
which  protrudes  and  retracts  2}rocesses  ;  as  a  rule,  a  calcareous  shell  or 
silicioios  skeleton  is  secreted. 

The  body-substance  of  these  animals,  the  shells  of  which  were 
described  as  Foraminifera  or  Polythalamia,  long  before  their  living 
contents  were 
known,  consists 
of  sarcode,  and 
is  without  any 
boundary  mem- 
brane. 

The  body- 
substance, 
which  is  richly 
granulated  and 
contains  pig- 
ment, contracts 
slowly  and 
sends  out  at  the 
same  time  fine 
thread-like  rays 
(fig.  120),  for 
the  most  part 
of  a  semi-fluid 
consistency 

{^pseudopodia) ;  and  these  serve  not  only  as  a  means  of  movement  but 
also  for  the  reception  of  nourishment.    The  pseudopodia  may,  how- 

*  Dujardin,  "Observations  sur  les  Rhizopodes"  (^Comj^tes  rmdua,  18.35). 
Ehrenberg,  "  Uber  noch  jetzt  zahlreich  lebende  Thierarten  der  Kreidebildung 
und  deu  Organismus  der  Polythalamien "  {Ahhandlmuj  dor  Akad.zu  JBcrlm, 
1839).  Max  Sigm.  Schultze,  "Uber  den  Organismus  der  Polythalamien" 
(Leipzig,  1854).  .Joh.  Mliller,  "  Uber  die  Thalassicolen,  Polycystinen  und  Acan- 
thometren "  (1858).  E.  Haeckel,  "  Die  Radiolarien "  (Eine  Monoerauhie 
Berlin,  1862).  s   f  • 


Fig.  120.— Optical  section  through  portion  of  the  sarcode  body  of 
Actinosphaerium,  JEiehhoruii  (after  Hertwig  and  Lesser).  JV,  nuclei 
in  the  endosark,  from  which  the  vacuolated  ectosark  is  clearly  dis- 
tinguishable. In  the  centre  of  the  pseudopodia  the  axial  thread  is 
visible. 
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ever,  be  broad,  lobed,  or  linger-like  processes  by  means  of  which  a 
quick  and  flowing  motion  can  be  imparted  to  the  body  mass.  A 
tougher,  clear  homogeneous  external  layer  {Exa'plasm)  is  usually  to 
be  distinguished  as  the  peripheral  boundary  from  a  more  fluid  and 
more  granular  internal  mass  {Endojilasvi).  During  motion  the 
former  is  projected  in  processes  into  which  the  granules  of  the  latter 
stream  more  or  less  quickly. 

In  the  stifter  pseudopodia  streams  of  granules  are  observable,  slow 
but  regular,  passing  from  the  base  to  the  extremity  and  vice  versA. 
The  explanation  of  these  movements  is  to  be  sought  in  the  contractility 
of  the  surrounding  portions  of  sarcode  (fig,  120). 

A  pulsating  space,  the  contractile  vacuole,  is  not  unfreqently  to  be 
found  in  the  sarcode,  e.g.,  Difflugia,  Actinophrys,  Arcella  (tig.  121), 
Nuclei  are  also  usually  present  in  the  sarcode,  by  which  the  morpho- 
logical value  of  the  Rhizopod  body  as  cell  or  as  cell  aggregate  is 

placed  beyond  all  doubt.  There  are 
also  forms  in  the  protoplasm  of 
which  no  trace  of  a  cell  nucleus  has 
been  found.  In  such  either  the 
protoplasm  of  the  nuclevis  is  not  yet 
differentiated  as  a  separate  s-tructure 
(the  Monera  of  E.  Haeckel),  or  we 
have  to  do  with  a  transient,  non- 
nucleated  stage  in  the  life-history. 
The  sarcode  usually  seci'etes  sili- 
cious  or  calcareous  structures,  either 
as  fine  spicula  and  hollow  spines 
which  are  directed  from  the  centre 
to  the  periphery  in  regular  order 
and  number,  or  as  lattice-work 
chambers  (liadiolaria),  which  often 
bear  points  and  spines,  or  finally 
as  single  and  many  chambered  shells  with  finely  perforated  walls 
{Foraminifera)  and  one  larger  opening.  Through  this  last  (fig, 
123),  as  well  as  through  the  countless  pores  of  the  small  shells  (fig. 
122),  the  slender  threads  of  sarcode  pass  out  to  the  exterior  as 
pseudopodia,  changing  without  intermission  in  form,  size,  and 
number,  and  often  joining  themselves  together  in  delicate  networks 
(figs.  122,  123). 

The  .pseudopodia,  by  their  slow,  creeping  movements,  afi"ord  a  means 
of  locomotion,  while  they  also  serve  for  the  taking  up  of  nourishment 
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Fig.  121. — Amceba  (DactylosphmraJ  poly- 
podia (after  Fr.  E.  Schultze).  N,  Nu- 
cleus.   Pu.  pulsating  vacuole. 
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by  surrounding  and  transporting  into  the  interior  of  the  body  small 
vegetable  organisms  as  Bacillaria.  Among  the  shell-bearing  forms, 
the  reception  and  digestion  of  food  takes  place  outside  the  shell  in 
the  peripheral  threads  and  networks  of  sarcode  ;  for  each  spot  on  the 
surface  can  for  the  time  being  assume  the  functions  of  mouth,  and 


also  of  anus,  by  rejecting  the  undigested  remnants.  The  Rhizopoda 
live  for  the  most  part  in  the  sea,  and  contribute  by  the  accumulation 
of  their  shells  to  the  formation  of  the  sea  sand,  and  even  to  the 
deposition  of  thick  strata.  An  innumerable  quantity  of  fossil  forms 
from  various  and  very  ancient  formations  are  known. 
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Order  1. — Foraminifera,* 

Rhizopoda,  either  naked  or  with  a  shell,  the  shell  almost  invariably 
calcareous  and  usually  j^i^rced  with  fine  pores  for  the  exit  of  tJie 
jiseiulopodia. 

Only  in  rare  cases,  for  instance  Nonionina  and  PolymorjMrut,,  is 
the  shell  substance  of  a  silicious  nature;  in  all  other  forms  it  is 


Fig.  123. — Miliola  tenera,  with  network  of  pseudopodia  (aftei-  M.  Schultze). 

membranous  or  consists  of  a  calcareous  deposit  in  a  basis  of  organic 
matter.  The  shell  is  either  a  simple  chamber,  usually  provided  with 
a  large  opening,  or  is  many  chambered,  that  is,  is  composed  of 
numerous  chambers  arranged  upon  one  another  according  to  definite 
laws.    The  spaces  of  these  chambers  communicate  by  means  of  narrow 

*  Besides  D'Orbigny,  Max  Schxiltze,  1.  c.,.compare  W.  C.  Williamson,  On  the 
recent  Foraminifera  of  Great  Britain,"  Loudon,  1858.  Carpenter,  "Introduc- 
tion to  the  Study  of  the  Foraminifera,"  London,  1862.  Rcuss,  '-Entwurf  einer 
system.    Zusammenstellung  der  Foraminiferon,"  Wien,  1861. 
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passages  and  large  openings  in  the  partition  walls.  In  like  manner 
those  portions  of  the  living  sarcode  body  which  are  enclosed  in  the 
individual  chambers  are  in  direct  communication  with  one  another 
by  means  of  processes  which  pass  through  the  passages  and  openings 
in  the  septa,  and  connect  one  portion  with  another.  The  quaUty  of 
the  body-substance,  the  mode  of  movement  and  nourishment,  agree 
closely  with  those  which  have  been  depicted  as.  characteristic  of  the 
order.  Our  knowledge  of  the  mode  of  reproduction  is  imperfect. 
Amongst  the  forms  without  a  shell,  fission  has  been  observed  as  well 
as  fusion,  which  may  perhaps  be  referred  to  a  species  of  sexual 
reproduction  {conjugation).  The  reproduction  of  shell-bearing 
Foraminifera  such  as  Miliola  and  Rotcdia  has  also  been  observed. 
The  former  produces  from  the  protoplasm  of  its  body  single 
chambered,  the  latter  three  chambered,  young.  Probably  this  mode 
of  reproduction  is  preceded  by  an  increase  in  the  number  of  nuclei, 
and  the  animal  divides  into  as  many  portions  as  there  are  nuclei, 
each  of  which  becomes  a  young  Foraminifer,  and  contains  but  one 
nucleus. 

In  spite  of  their  small  size,  the  shells  of  our  simple  organisms  may 
lay  claim  to  no  small  consequence,  since  they  not  only  accumulate  in 
enormous  quantity  in  the  sea  sand  (M.  Schultze  calculated  their 
nixmber  for  an  ounce  of  sea  sand  from  Molo  di  Gaeta  at  about  one  and  a 
half  millions),  but  are  also  found  as  fossils  in  different  formations  (the 
cretaceous  and  tertiary),  and  have  yielded  an  essential  material  to  the 
construction  of  rocks.  Silicious  nodules  of  Polythalamia  are  even 
found  in  Silurian  deposits.  The  most  remarkable,  on  account  of 
their  considerable  size,  are  the  Numimdites  (fig.  124)  in  the  thick 
formation  of  the  so-called  Nummulite  limestone  (Pyrenees).  A  coarse 
chalk  of  the  Paris  basin,  which  makes  an  excellent  building  stone, 
contains  the  Trilocidina  trigomda  {Miliolite  chalk). 

The  greater  number  of  Foraminifera  are  marine,  and  move  by 
creeping  on  the  bottom  of  the  sea,  but  Globigerina  and  Orbulina  have 
been  met  with  on  the  surface.  The  bottom  of  the  sea  at  very  consider- 
able depths  is  also  covered  with  a  rich  abundance  of  forms,  especially 
with  Globigerina,  the  remains  of  the  shells  of  which  give  rise  to  an 
enduring  deposit. 

1.  Sub-order  :  Lobosa  [Amcebiformes). — Amceba-like  fresh -water 
Rhizopoda,  usually  with  pulsating  vacuole,  sometimes  naked,  some- 
times with  a  single- chambered  firm  shell.  The  sarcode  body  consists 
as  a  rule  of  a  tougher  exoplasm  and  a  fluid  granular  endoplasm. 
The  pseudopodia  are  lobed  or  finger-shaped  processes  of  considerable 
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size,  occasionally  tougher  slender  processes  without  granule  streams 
(figs.  125  and  126). 

Avioeha.  prinrrj,,  Ehrbg.,  A.  frrriroU  Greef.,  Petalopvx  difflv^ivmH  Clap. 
Lachm.  Here  should  also  bo  placed  the  famous  Bathyhim  Haecltcli  Huxl., 
which  is  found  in  the' deep  se.i  mud  of  the  Atlantic  Ocean,  if  it  is  indeed  a 
living  organism  (and  not  simply  a  deposit  of  Gypsum). 

Aroella  vuli/aris  Ehrbg.,  JDitHnr/ia  proMforwu  Ehrbg.,  Ewjlypha  yluhom 
Cart,  have  shells  and  tough,  pointed,  dichotomously  branching  pseudopodia 
(fig.  125). 


Tig.  124.  — Nummulitic  Limestone,  with 
hoi'izontal  section  of  N.  dittans  (after 
Zittell). 


Fig.  128.  —  Difflvgia 
oiZoH^a  (after  Stein). 


Fig.    125.  —  Svgli/pha  globona 
(after  Hertwig  and  Lesser). 


Fig.   127.  —  Aeervulina  glohosa 
(after  M.  Schnltze). 


2.  Sub-ordei- :  Reticularia  {Thalamopliora).  Principally  mai-ine 
Rhizopods  with  extremely  slender  anastomosing  pseudopodia,  with 
granule  streams  in  the  latter,  rarely  naked  [Protogenes,  Lieber- 
kiihnia),  nsually  with  membranous  or  calcareous  shell,  which  is 
single-chambered  (Monol/ialamia)  or  many-chambered  (Polytlialamia) 
(fig.  127). 
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1 .  Impcrfovata.  With  membrauous  or  calcareous  shell,  which  is  withoiit  fine 
purcs,  but  i)Ossesscs,  in  one  place,  an  opening,  either  simple  or  sieve-like,  through 
which  the  pseudopodia  project.  To  these  belong  the  Gromidce,  with  a  mem- 
branous chitinous  shell:  Gromia  oviforviis  Duj.,  and  Miliolidre,  with  a 
poroellanous  shell  :  Corimxjnra  jflaiiorhu  M.  Sch.,  3niiola  cyeloi<tovia  M.  Sch., 
from  the  Miliolitc  chalk. 

2.  Perforata,.  The  shell,  which  is  usually  calcareous,  is  invariably  pierced  with 
innumerable  fine  pores  as  well  as  by  one  larger  opening,  and  has  complicated 
passages  in  the  partition  walls  of  its  chambers. 

The  Laijcnidce  have  a  hard  shell,  with  a  large  opening  surrounded  by  a 
toothed  lip  :  Latjena  Tnlrjaris  Williamson. 

The  Oloh'xjeriniAce  on  the  contrary  have  a  hyaline  shell  pierced  by  large 
pores,  and  a  simple  slit-like  open- 
ing :  Orlmlina  univerm  D'Orb., 
GhihUjcvina  Imlloldex  D'Orb., 
Hot  alia  D'Orb. ,  Textularia 
D'Orb. 

The  greatest  size  is  attained 
by  the  JVummuliu/dce,  which 
possess  a  film  shell  and  an  in- 
ternal skeleton,  which  last  is 
pierced  by  a  complicated  canal 
system  :  Polijstoniclla  Lam., 
Nimimilina  D'Orb. 


Order  2. — Heliozoa.* 

Fresh-imter  Rhizopods 
usually  with  2ndsatmg  vacu- 
ole, and  one  or  more  nuclei. 
A  radial  silicious  skeleton 
sometimes  present. 

The  sarcode  body  sends 
out  in  all  directions  tough 
radiating  pseudopodia  (fig. 
128).  When  a  skeleton  is 
secreted,  it  consists  either  of 
radially   arranged  silicious 

spines  [Acanthocystis)  or  of  latticed  silicious  shells  (Clathrulina), 
and  so  closely  resembles  the  skeleton  of  the  Radiolaria  that  the 
Heliozoa  have  been  actually  described  as  fresh-water  Radiolaria, 
They  differ  from  the  Radiolaria  in  the  absence  of  the  complicated 


Fig.    128. — ^Toung  Actinosplimrium,  still  with,  a 
single  nucleus  (after  F.  E.  Schtiltze).  W,  Nucleus. 


*  L.  Cienkowski,  "  Ueber  ClathrulUia."  ArcJtiv.  far  mihrosh.  Anatuviw, 
Tom  III.,  1867.  R.  GreefE,  "  Ueber  Radiolarien  und  radiolarienahnliche 
Rhizopoden  des  siissen  Wassers."  Tom  V.  &  XT.  R.  Hertwig  und  Lesser, 
'•  Uber  Rhizopoden  und  denselben  nahe  stehende  Organismen."  Suppl.  Tom 
X.,  1874.    Also  Archer  and  F.  E.  Schultze,  etc. 
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differentiations  of  the  sarcode,  particularly  of  the  centra)  capsule. 
One  or  more  nuclei  may  be  present  in  the  central  mass.  An  im- 
portant distinguishing  mark  is  afforded  by  the  presence  of  the 
pulsating  vacuoles,  which  have  not  been  observed  in  any  mai-ine 
I^^xdiolarian. 

The  reproduction  very  frequently  takes  place  by  fission,  occasionally 


Fig.  129. — Thalassicolla  pelagica,  with  central  capsule  and  single  largenucleus,  also  numerous 
alveoli  in  the  protoplasm  (after  B.  Haeckel). 


after  previous  conjugation  of  one  or  more  individuals,  also  during 
encystment.  Multiplication  by  spores  has  also  been  observed 
{Clathrulina). 

In  the  Actinoj)hri/idce  there  is  no  skeleton  secreted :  Actino-sphcerium 
Eichliornii  Ehrbg.  The  central  matter  contains  numerous  nuclei.  Acthwphrys 
sol  Ehrbg.  of  small  size,  with  a  single  central  nucleus. 

In  the  Acantliocijstid(B  slender  silicious  s^Dikes  are  found  :  Acanthocjisti^ 
Sjnnifcra  Greeff.  with  silicious  spikes  and  needles. 

In  Clathrulina  there  is  a  latticed  silicious  shell,  and  the  bod}^  has  a  stalk  : 
Clatlindiiia  dcijans  Cienk. 
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Order  3. — Radiolaria.* 


Marine  Bliizoiwda  loith  comiilicated  differentiation  of  the  sarcode 
body,  loith  central  capside  and  radial  silicious  skeleton. 

The  sarcode  body  contains  a  membranous  porous  capsule  (the 
central  capside),  in  which  is  contained  a  tough  slimy  protoplasm 
with  vacuoles  and  granules  (intracapsidar  sarcode),  fat  and  oil 
globules,  and  albuminous  bodies,  and  more  rarely  crystals  and  con- 
cretions. The  intracapsular  mass  contains  also  a  single  large  nucleus 
or  sevei-al  small  nuclei.  The  sarcode  which  surrounds  the  capsule 
and  which  emits  on  all  sides  simple  or  anastomosing  pseudopodia,. 
contains  numerous  yellow  cells,  sometimes  pigment  masses ;  and  in 
some  cases  delicate  trans- 
parent vesicles,  or  alveoli, 
are  found  in  the  peripheral 
layer  between  the  radia- 
ting pseudopodia  {Thalas- 
sicolla  pelagica,  fig.  129). 

Many  Radiol  aria  form 
colonies,  and  are  composed 
of  numerous  individuals. 
In  such  colonies  the  al- 
veoli are  placed  in  the 
common  protoplasm, 
which  contains  in  itself, 
not  as  in  the  monozoic 
Radiolaria  a  single  cen- 
tral capsule,  but  a  number 
of  capsules.  Only  a  few 
species  remain  naked  and  without  firm  deposits ;  as  a  rule,  the  soft 
body  possesses  a  silicious  skeleton,  which  either  lies  entirely  outside 
the  central  capsule  (Ectolithia)  or  is  partially  within  it  [Bntolithia). 
In  the  most  simple  cases  the  skeleton  consists  of  small,  simple,  or 
toothed  silicious  needles  (spicula)  united  together,  which  sometimes 
give  rise  to  a  fine  sponge  work  round  the  periphery  of  the  proto-. 
plasm,  e.g.,  Fhi/sematium.  In  a  higher  grade  we  find  stronger  hollow 
silicious  spicules,  which  radiate  from  the  middle  point  of  the  body 
to  the  periphery  in  regvilar  number  and  order,  e.g.,  Acanthometra 

*  Joh.  Muller,  "  Ueber  die  Thalassicollen,  Polj^cystineu  und  Acanthometren,' 
Ahh.  (lev  Berl.  Akad.  1858.  E.  Haeckcl.  Die  Radiolarien,"  Eine  Monographie 
Berlin,  1862. 


Fig.  130. — Acanthometra  Millleri  (after  E.  Haeckel). 


190 


PEOTOZOA. 


<fig.  130).  A  fine  peripheral  framework  of  spicules  may  be  added  to 
these. ,.  In  other  cases  simple  or  compound  lattice-works,  and  piei-eed 
shells  of  various  external  form  (like  helmets,  bird-cages,  shells,  etc.) 
■are  found,  and  on  the  periphery  of  these,  spicules  and  needles,  and 
•even  external  concentric  shells  of  similar  shape  may  be  formed, 
e.g.,  Polycystina  (figs.  131  and  132). 

Up  to  the  present  time  but  little  has  been  made  out  about  the 
reproduction  of  these  animals.  Besides  fission  {Polycyliaria),  the 
formation  of  germs  has  been  observed.  These  are  formed  from  the 
contents  of  the  central  capsule,  and,  after  the  bursting  of  the  latter, 
iDecome  free-swimming  mastigopods.    Radiolaria  are  inhabitants  of 


extended  rock  formations.  Samples  of  sand  also  from  very  con- 
siderable depths  have  shown  themselves  rich  in  Radiolarian 
shells. 

I.  Radiolaria  monozoa.    Eadiolaria  which  remain  solitary. 
1.  Fam.  ThalassicoUidse.    Skeleton  absent  or  consisting  of  single  spicules 
not' joined  together.    Tlialassieolla  (without  skeleton)  niuiJeata  Husl.,  Pliyse- 

mativm.  Miilleri  Schn.  _ 

2  Fam.  Polycystinidoe.  The  skeleton  consists  of  a  simple  or  divided  latticed 
shell,  the'  long  axis  of  which  is  bounded  by  two  poles  of  different  structure. 
Ileliosphecra.    Evryrtidinm  (jnlca  E.  Haeck. 

3  Fam.  Acanthometridse.  The  skeleton  consists  of  several  radial  spicules 
which  pass  through  the  central  capsule  and  unite  in  its  centre,  without  forming 


the  sea,  and  swim  at  the 
surface,  but  are  also 
able  to  sink  to  deeper 
levels. 


Fig.  \'S\..—B.eliosphcBra  ecUnoides  (after  E.  Haeckel). 


Fossil  remains  of  Ra- 
diolaria have  been  made 
known  in  great  numbers 
by  Ehrenberg,  e.cj.  from 
the  chalky  marl  and 
polishing  slate  found  at 
certain  parts  of  the  coast 
of  the  Mediterranean 
(Caltanisetta  in  Sicily, 
Zante  and  ^gina  in 
Greece),  and  in  particu- 
lar from  the  rocks  of 
Barbados  and  Nikobar, 
where  the  Radiolaria 
have  given  rise  to  widely 
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a  latticed  shell.  The  cxtra-capsular  cells  (yellow  bodies)  are  wanting.  AcaMo- 

inetra  jn-lluoida  Joh.  Miill. 

II.  Polycytturia.  Eadiolaria  which  form  colonies  with  several  central  capsules 
Amongst  the  Sphterozoa  a  skeleton  is  wanting  or  consists  of  single  pieces  not 
joined  together.  Collozoum  inermc  E.  Haeck.  Sjihcerozoum  jrmictittum  Joh. 
Miill.  In  ColloK^lucm  the  skeleton  consists  of  simple  latticed  spheres,  each  of 
which  encloses  a  central  capsule,  Colloi<pliedra  Huaileyi  Joh.  Miill. 


Fio.  132. — Eucyrtidium  cranoides  (after  B.  Haeckel) 


CLASS  II.— INFUSOEIA.* 

Protozoa  with  a  definite  form  and  provided  toith  an  external 
membrane,  hearing  either  flag ella  or  cilia.  Mouth  and  anus  vsually, 
contractile  vacuole  and  one  or  more  nuclei  always  present. 

Infusoria  were  discovered  towards  the  end  of  the  17th  century 

*  Ehrenberg,  "  Die  Infusionsthierchen  als  vollkommene  Organismen,"  1838. 
Balbiani,  "Etudes  sur  la  Reproduction  des  Protozoaires,"  J"w/7-«.  dc  In  Phys., 
Tom.  III.    Balbiani,  "Recherches  sur  les  ph6nom6nes  sexuels  des  Infusoires," 
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in  a  vessel  of  stagnant  water  hy  A.  von  Leeuwenhoek,  who  made 
use  of  a  magnifying  glass  for  the  examination  of  small  organisms. 
The  name  Infusoria,  which  was  at  first  used  to  denote  all  animalcule 
which  appear  in  infusions  and  are  only  visible  vvitli  the  aid'  of  a 
microscope,  was  first  brought  into  use  by  Ledermiiller  and  Wrlsberg 
in  the  last  century.  Later  on  the  Danish  naturalist  0.  Fr.  MuUer 
made  valuable  additions  to  our  knowledge  of  Infusoria.  He  observed 
their  conjugation  and  their  reproduction  by  fission  and  gemmation, 
and  wrote  the  first  systematic  work  on  the  subject.  0  Fr.  Miiller 
included  a  much  larger  number  of  forms  than  we  do  now-a-days, 
for  he  placed  among  the  Infusoria  all  invertebrate  water  animal- 
cule without  jointed  organs  of  locomotion  and  of  microscopical 
size. 

The  knowledge  of  Infusoria  received  a  new  impulse  from  the 
comprehensive  researches  of  Ehrenberg.  The  principal  work  of  this 
investigator,  "  Die  Infusionsthierchen  als  vollkommene  Organismen," 
discovered  a  kingdom  of  oi-ganisms  hardly  thought  of.  These  were 
observed  and  portrayed  under  the  highest  microscopic  powers.  Many 
of  Ehrenberg's  drawings  may  even  yet  be  taken  as  patterns,  and  are 
hardly  surpassed  by  later  representations,  but  the  significance  of  the 
facts  observed  has  been  essentially  corrected  by  more  recent  investi- 
gations. Ehrenberg  also  conceded  too  great  an  extent  to  the  group 
of  Infusoria,  including  not  only  the  lowest  plants  such  as  Diatomacece, 
Desmidiacece,  under  the  name  of  Polygastrica  anentera,  but  also  the 
much  more  highly  organised  Rotifera.  As  he  chose  the  oi-ganization 
of  the  last-named  for  the  basis  of  his  explanations,  he  was  led  into 
numerous  errors.  Ehrenberg  ascribed  to  the  Infusoria  mouth  and 
anus,  stomach  and  intestines,  testis  and  ovary,  kidneys,  sense-organs, 
and  a  vascular  system,  withovit  being  able  to  give  reliable  statement  of 
the  nature  of  these  organs.  There  very  soon  came  a,  reaction  in  the 
way  of  regarding  the  Infusorian  structure ;  for  the  discoverer  of  the 
Rhizopoda,  Dujardin,  as  well  as  Von  Siebold  and  KoUiker  (the  latter 
taking  into  consideration  the  so-called  Nucleus  and  Nucleolus),  referred 
the  Infusorian  body  to  the  simple  cell.  In  the  subsequent  works  of 
Stein,  Claparede,  Lachmann,  and  Balbiani  numerous  differentiations 
were  cei-tainly  shown  to  exist,  which,  however,  can  all  be  referred 
to  differentiation  of  the  body  of  the  cell.    This  view  is  supported  by 

Jovrn.  (la  la  Phyf!.,  Tom.  IV.  Claparede  unci  Lachmann. ''Etudes  sur  les 
Infusoii-es  et  les  Ehizopodes,"  2  vol.  Geneve,  1858— 18fil.  E.  Hacckel.  '-Zur 
Morphologie  der  Infusorien"  Jrn  Zritschrift,  Tom.  VII..  1873.  0  Biitschli. 
"  Stndien  iiber  die  ersten  Entwickelungvorgiinge  des  Eizelle,.  die  ZcUtheilung 
und  die  Conjugation  des  Infusorien,"  Frankfurt,  1876. 
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the  more  recent  work  of  Biitschli,  who  htis  shown  that  the  repro- 
duction of  these  animals  is  essentially  similar  to  that  of  the  cell. 

Thfi  outer  boundary  of  the  body  is  usually  formed  by  a  cuticle,  a 
delicate,  transparent  membrane,  the  surface  of  which  is  beset  with 
vibratile  and  moving  appendages  of  various  kinds  arranged  in  regular 
OT'der.  In  the  smallest  Infusoria,  the  Flagellata,  we  find  only  one 
or  two  long  whip-like  cilia ;  while  the  more  highly  differentiated 
Ciliata  are  usually  richly  provided  with  cilia.  According  to  the 
varying  thickness  of  the  external  membrane,  which  cannot  in  all 
cases  be  isolated,  and  according  to  the  different  condition  of  the 
peripheral  parenchyma  of  the  body,  we  get  forms  which  change 
their  shape,  forms  which  have  a  fixed  shape  and  armoured  forms. 
If  the  simply  organized  Flagellata,  which  present  numerous 
affinities  and  transitional  forms  to  the  Algae  and  Fungi,  are  not 
entirely  removed  from  the  region  of  the  Infusoria,  the  two  principal 
groups  to  be  distinguished  are  the  Ciliata  and  Flagellata. 

Order  1 . — Flagellata  . 

Infusoria  of  small  size,  characterised  hy  jJossessing  one  or  more  long 
whip-like  cilia,  usually  placed  at  one  end  of  the  oval  body.  A  rota  of 
cilia  sometimes  and  a  nucleus  ahaays  present. 

The .  Flagellata  are  Infusoria  the  locomotive  organs  of  which 
consist  of  one  or  more  whip-like  cilia,  rarely  with  an  accessory  row 
of  cilia.  They  pass  through  an  inactive  stage,  and  in  their  develop- 
ment as  well  as  in  their  mode  of  nourishment  are  allied  to  certain 
Fungi. 

The  reasons  for  regarding  the  Fla,gellata  as  Protozoa  are— the  perfect 
contractnity  of  the  body,  which  is  not  surpassed  by  Myxomycetes. 
in  the  mastigopod  stage;  also  the  contractHity  of  the  cilia,  the 
apparently  purposed  and  voluntary  movements,  the  occurrence  of 
contractile  vacuoles,  and,  as  has  been  established  in  many  cases,  the 
reception  of  solid  substances  into  the  body  through  an  opening 
at  the  base  of  the  flagellum.  Nevertheless  these  phenomena  are  by 
no  means  a  test  of  animal  organization. 

The  Monadimce  are  a  large  group  of  Flagellata,  found  for  the 
most  part  in  putrefying  infusions,  and  are  hard  to  distinguish  from 
the  monads  usually  regarded  as  fungi.  They  reproduce  themselves  by 

and   Drysdale.  "Researches  on  the  Life-h  story  <^?\heMS ^^^^^^^^ 
Mtcronco^).  Journal,  Tom.  X.— XIII.  ivionaas,  MontMy 
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transverse  fission,  and  also  by  spore  formation  in  an  encysted  condition; 
the  latter  method  seems  in  many  forms  to  be  preceded  by  conju- 
gation. The  best  known  species  are  Oercomonas  Duj.  and  Trichomonan 
Donne,  of  which  the  first  is  characterised  by  the  possession  of  a  caudal 
filament,  while  Trichomonas  has  an  undulating  row  of  cilia  close  to 
the  fiagella,  which  are  usually  two  in  number  (fig.  133).  They  Uve 
principally  in  the  intestines  of  Vertebrates,  but  are  also  found  in 
Invertebrates,  Cercomonas  intestinalis  Lambl.  and  Tricliomonas 
vaginalis  Donne,  ai-e  found  in  Man. 

The  Monads*  which  cannot  be  sharply  separated  fi  •om  the 
Monadince,  are  simple  cells  free  from  chloi'ophyll,  the  swarm  spores  of 
which  usually  pass  into  an  amoeboid  stage,  and  after  receiving  nourish- 
ment enter  upon  a  motionless  stage  characterised  by  the  possession 
of  a  firm  cell-membrane.  A  number  of  them  {Nonas,  Pseudospora, 
Colpodella),  the  so-called  Zoos23ores,  are  mastigopods  resembling  the 

mastigopods  (swarm  spores)  of  Myxo- 
mycetes,  and,  with  the  exception  of 
Colpodella,  grow  up  to  creeping  Amoebae 
wiiich  protrude  pointed  pseudopodia. 
In  this  stage  they  may  also  be  simply 
regarded  as  small  plasmodia,  especially 
when,  as  in  Monas  aonyli,  several-  masti- 
FiG.  133.-<T,  Cercomonas  intestinalis.  gopods  fusc  together  to  form  the  amoeba. 
h,  TrieJwmonas  vaginalis  after  R.    They  then  take— in  Colpodella  without 

first  entering  the  amoeba  stage — a  globu- 
lar form,  their  surface  develops  a  membrane,  and  in  this  cyst  they 
break  up  by  division  of  protoplasm  into  a  number  of  segments  which 
pass  out  as  swarm  spores  and  repeat  the  course  of  development 
{Colpodella  pugnax  to  Ghlamydomonas,  Pseudospora  volvocis). 

Other  Monads,  the  so-called  Tetraplasta  {Vamjjgrella,  Nuclearia), 
do  not  pass  through  the  mastigopod  (swarm  spore)  stage.  Their  pro- 
toplasm during  the  inactive  encysted  stage  gives  rise  by  division  into 
two  or  four,  to  the  same  number  of  Actinophrys-like  Amoebae,  of 
which  some,  like  Colpodella,  suck  their  nourishment  from  alga  cells 
(Spirogyra,  Oedogonia  Diatomacea,  etc.),  and  some  envelope  ex- 
traneous bodies. 

In  mode  of  nourishment  and  locomotion  the  monads  are  allied  to 
the  Rhizopods,  but  also  to  lower  fungus  forms  like  Chytridium. 


*  L.  Cienkowski,  "  Beitrage  zur  Kentniss  der  Monadcn,"  ArcJiiv  fur 
Microah.  Anatomic.  Tom.  I.,  1865.  L.  Cienkowski,  "Uber  Palmellaceen  und 
©inige  Flagellaten/'  Tom.  VI.,  1870. 
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In  their  whole  developmental  cycle  they  agree  very  closely  with  uni. 
cellular  algje  and  fungi;  still  the  analogy  to  the  developmental 
processes  of  many  Infusoria,  Am2yhileptus,  is  not  to  be  passed  over. 
Spumella  vulgaris  (termo  Ehrbg.)  of  Oienkowski  shows  a  somewhat 
different  development  and  cyst  formation ;  it  receives  solid  food  (by 
aid  of  the  food  vacuoles)  and  is  fixed  by  a  fibre,  as  also  Chromulina 
nehulosa  Cnk.,  and  Ochracea  Ehrbg. 

A  second  gi-ovip  nearly  allied  to  the  Algfe  (Protococcacea)  is  that  of 
the  Volvocinidce.  These  organisms  consist  of  colonies  of  cells  united 
by  a  common  gelatinous  substance,  and  the  following  characteristics 
indicate  their  close  relationship  to  the  Algse : — (1)  in  the  inactive 
stage  they  possess  a  cellulose  membrane;  (2)  they  exhale  oxygen; 
(3)  they  possess  an  abundance  of  chlorophyll  and  of  vegetable  red  or 
brown  coloured  oils. 


During  the  motile  stage  they  possess  the  power  of  reproduction, 
since  the  individual  cells  give  rise  to  daughter  colonies  inside  the 
mother  colony.  A  sexual  reproduction  (conjugation)  has  also  been 
shown.  Certain  of  the  mother  cells  increase  in  size  and  divide  into 
numerous  microgonidia  corresponding  to  spermatozoa;  others  grow 
to  large  ovicells,  which  are  impregnated  by  the  former,  and  then 
surround  themselves  with  a  capsule,  and  sink  to  the  ground  as  large 
star-shaped  cells.  They  also  reproduce  themselves  during  their 
period  of  inactivity  by  fission  within  the  cellulose  capsule,  while  at 
the  same  time  a  change  of  colour  takes  place.  .Amongst  the  best 
known  of  the  Volvocina  are  Volvox  glohator,  Gonium  pectorale,  Ste- 
2)hanos2)hcera  pluvialis. 

The  Astasiadce  are  contractile  unicellular  Flagellata,  which  are 
allied  to  the  Volvocinidce  in  their  life  phenomena,  but  they  take  up 


196 


PBOTOZOA. 


solid  nutriment.  The  best  known  genus  is  Euglena,  which,  according 
to  Stein,  has  a  moitth  and  gullet. 

In  their  inactive  stage  they  secrete  a  capsule  and  divide  up  into 
parts  which  pass  out  as  mastigopods.  Euglena  viridia  (tig,  134),  E. 
sangidnolenta.  Another  genus,  also  with  a  mouth,  is  Astasia  Ehrbg. 
A.  trxGlwphora  Ehrbg.,  with  rounded  posterior  end,  a  very  long  flagel- 
lum,  and  an  abruptly  terminated  anterior  end. 

The  genera  Salpingoeca  and  Codosiga  described  by  Clark  were 
included  by  Blitschli  under  the  name  Cylicomastiges,  on  the  ground 
that  they  possess  a  well-marked  collar  surrounding  the  basis  of  the 
flagellum,  and  corresponding  to  the  collar  .on  the  entoderm  cells  of 
the  Sponges  (hence  Clark  regarded  the  Sponges  as  most  nearlj- 
related  to   the    Flagellata);    Codosiga  Botrytis   Ehrbg,  forming 

colonies,  possessing  food  vacuoles 
which  contain  the  solid  bodies  taken 
up  as  nutriment,  with  nucleus  and 
contractile  vacuole. 

Saljnngoeca  Glarkii  Biitsch.  (the 
individuals  of  this  species  possess  a 
shell). 

Another  group,  the  Cilioflagel- 
lata*  is  characterised  by  the  posses- 
sion of  a  row  of  cilia,  situated  in  a 
furrow  of  the  hard  cuticular  exo- 
skeleton  (fig.  135),  in  addition  to 
the  flagellum.  The  Peridinioi,  some 
of  which  are  of  peculiar  appearance, 
with  large  homed  processes  of  the  shell,  belong  to  the  group,  and  are 
allied,  so  far  as  their  development  is  known,  most  nearly  to  the 
Euglenm.  The  mouth  hes  in  a  depression ;  there  is  sometimes  a 
kind  of  gullet,  at  the  end  of  which  the  nourishing  materials  pass 
into  a  vacuole.  In  addition  to  the  locomotive  and  armoured  forms, 
there  are  also  some  without  shell  or  organs  of  locomotion ;  and  again 
there  are  encysted  stages  in  the  interior  of  which  a  number  of  small 
young  forms  are  said  to  take  their  origin  (Ceratium  comutum  Perhg., 
Peridinium  tahulatum  Ehrbg). 

Finally  Noctiluca  t  is  included  in  this  group.    It  is  an  inhabitant 


Fig.  135.- 


-Ceratium  tripos  (after 
Mtzsch) . 


*  E.  S.  Bergh,  "  Der  Organismus  der  Cilioflagellaten,"  Iloi'jfh.  Jahrh.  Tom. 
VII. 

L.  Cienkowski,  "  Ueber  Noctiluca  miliaris,''  Archir.  fur  microxh.  Ana- 
omie,  1871  and  1872, 
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of  the  sea,  and  possesses  a  peach -shaped  body  which  is  surrounded  by 
a  cuticuhxr  envelope,  and  bears  a  tentacle-like  appendage,  A  furrow- 
like invagination  is  situate  at  the  base  of  this  appendage,  at  one 
end  of  which  is  the  mouth  close  to  a  tooth-like  prominence  and  a 
slender  vibratile  flagellum.  The  soft  body  consists  of  a  central  mass 
of  contractile  protoplasm,  connected  by  fine  and  anastomosing  threads 
with  a  layer  of  the  same  substance  which  lines  the  cuticular  envelope 
of  the  body.  In  the  central  protoplasm  lies  a  clear  body,  the  nucleus, 
and  the  spaces  between  the  radiating  processes,  which  exhibit  the 
phenomena  of  granule  currents,  are  filled  with  fiuid.  The  contractile 
substance  extends  into  the  appendage,  and  there  assumes  a  cross- 
striped  appearance  (fig.  136). 


The  reproduction  takes  place  by  means  of  fission  (Brightwell),  pre- 
ceded by  division  of  the  nucleus  ;  or  by  spore  formation  (Zoospores). 
In  the  latter  case,  the  flagellum  is  absorbed  or  thrown  off",  and  the 
Noctiluca  assumes  a  spheroidal  shape.  After  the  disappearance  of 
the  nucleus,  the  sarcode  contents  accumulate  on  the  inner  side  of 
one  region  of  the  cuticle,  divide  into  from  two  to  four  masses  which 
are  not  sharply  separated  from  one  another,  and  the  cuticular  envelope 
is  thrust  out  into  a  corresponding  number  of  protuberances.  These 
buds  increase  and  form  numerous  wart-like  prominences,  the  future 
spores.  They  arise,  therefore,  at  the  expense  of  the  protoplasmic 
contents  of  the  disc,  which  is  gradually  exhausted  in  their  for- 
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mation.  The  buds  separate  themselves  from  the  membrane  and 
become  free  as  small  spores,  with  nucleus  and  cylindrical  appendage, 
to  assume  the  Noctiluca  form  under  circumstances  wliich  have  as 
yet  not  been  closely  observed.  According  to  Cienkowski,  conjugation 
may  take  place  between  normal  forms  as  well  as  between  encysted 
foi'ms. 

The  N octiluca  owe  their  name  to  their  power  of  producing  light, 
—a  power  which  they  share  with  numerous  sea  animals,  such  as 

Medusaj,  Pyrosoma,  etc.    The  light  proceeds 
\MM^^^  fi'om  the   peripheral  layer  of  protoplasm. 

Jm&^M^^^        Under  certain  conditions  they  rise  from  the 

depths  of  the  sea  to  the  surface  in  such  enor- 
mous numbers  as  to  cause  wide  tracts  of  the 
sea  to  give  out  a  reddish  light.  It  is  after 
sunset,  and  especially  in  the  evening,  when 
the  sky  is  overcast,  that  we  get  the  beautiful 
phenomenon  of  the  phosphorescent  sea. 

The  species  distributed  in  the  North  Sea 
and  in  the  Atlantic  Ocean  is  Noctiluca 
miliaris.  Nearly  allied  is  the  Mediterranean 
Lej)todiscus  medusoicles  R.  Hertwig. 

Order  2. — Ciliata.* 

Ciliated  Infusoria  with  mouth  and  anus, 
sarcode  body  of  co7nplicated  structure  {with 
endoplasm  and  exoplasm),  with  nucleus  atul 
paranucleus  {nucleolus). 
■  FIG.  m.-styionyohia  mytiius      "^he  locomotive  cuticukr  appendages  that 
(after  Stein),  (seen  from  we  most  frequently  meet  with  are  slender 

ventral  side) .    TFz,  Adoral     -i.        t  •  i  ,^        i    i  e  e 

zoneof  ciua;  o,  contractile  ^iba,  which  often  cover  the  whole  surface  of 
vacuole ;  N,  nucleus ;  N',  the  body  in  close  rows,  and  give  it  a  striped 

paranucleus;  .4,  anus.  ...  n  ^ 

appearance,  ihe  cilia  are  usually  stronger  in 
the  region  of  the  mouth,  and  are  here  grouped  so  as  to  form  an 
adoral  zone  of  large  cilia,  which,  during  swimming,  causes  a  whirl- 
pool, and  conducts  the  matter  which  serves  as  noui'ishment  into  the 
mouth  (fig.  137).  This  adoral  zone  is  more  highly  developed  in 
fixed  Infusoria  such  as  the  hell  animalcule,  the  surface  of  which 
has  no  regular  arrangement  of  cilia.    In  these  animals  there  are 


Fr 
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*  Besides  Ehrenberg,  Claparede,  Lachmaun,  Biitschli,  1.  c,  compare  especially 
■.  Stein,  "  Der  Organismus  der  Infusionstliiere."  I.  and  II.,  Leipzig,  1859  and 
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one  or  more  rings  of  large  cilia  round  the  ed^e  of  a  raised  lid- 
like flap  which  is  capable  of  being  shut  down.  There  is  also  an  in- 
ferior row  of  cilia  iipon  this  flap  running  to  the 
mouth.  The  free-swimming  Infusoria  often 
possess  in  addition  to  these  delicate  cilia  and 
zones  of  cilia,  thicker  hairs  and  stifi"  bristles, 
and  more  or  less  bent  hooks,  which  are  em- 
ployed in  locomotion  and  for  attachment. 

Certain  fixed  Infusoria  as  Stentor  (fig.  138) 
and  Cothurnia  secrete  external  coverings  or 
shells,  into  which  they  retract  themselves. 
Nourishment  is  taken  in  in  a  few  cases  by 
endosmosis  through  the  whole  surface  of  the 
body,  e.g.,  bhe  parasitic  Opcdina.  The  Acineta 
feed  themselves  by  sucking  the  body  of  their 
prey.  They  are  without  a  mouth,  and  are 
incapable  of  taking  in  solid  food.  But  they 
possess  a  number  of  long,  narrow,  contractile 
tentacles,  which  radiate  from  the  surface  of 
their  bodies,  and  have  the  form  of  delicate  tubes, 
presenting  a  structureless  external  wall  and  a  fig.  \9».—Stmtor  Eoseiu 
semi-fluid  granular  axis.    The  Acineta  applies  ^''"7 

°  ^'^  O,  oral   aperture  witli 

one  or  more  of  these  organs  fco  the  body  of  an     gullet;  pr,  pulsating 

,  •  1         i_i  1   j_  f      vacuole ;  iV,  nucleus, 

extraneous  organism,  when  the  substa.nce  of 

the  latter  travels  down  the  interior  of  the  granular  axis  of  the 
tentacle  into  the  body  of 
the  Acineta  (fig.  139). 

By  far  the  greatest  num- 
ber of  Infusoria  possess  an 
oral  aperture,  usually  near 
the  anterior  pole  of  the 
body,  and  a  second  aperture 
which,  acts  as  anus,  and 
which  can  be  seen  in  a 
definite  part  of  the  body  as 
a  slit  during  the  exit  of  the 
excreta. 

The  body  parenchyma, 
which  is  bounded  by  the 
external  membrane,  is 
divided  into  a  viscid  exoplasm  and  a  more  fluid  endoplasm,  into 


Fi&.  139. — Acineta  ferrumequinum  ElirlDg.,  which  is 
sucking  the  body  of  a  small  Infusorian  (Bnchelys) 
(after  Lachmann).  T,  sucking  tefltacle ;  V,  vacuole  ; 
N,  nucleus. 
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\     r  ^'^"^     ^  "^^^'""^'^^  '^^^  ''''  ^tuf 

?he  a  t?  1  ''T'  "'^^^^  vacuole. 
The  latter  undergo  a  .low  rotating  movement  round  the  body  in 

th  endoplasm,  wh.eh  is  caused  by  the  contractility  of  the  sarLe. 
Dunng  this  process  the  food  is  digested,  and  finally  the  solid,  useless 
remainder  is  ejected  through  the  anal  aperture.  A  digestive  canal, 
bounded  by  distinct  walls,  exists  no  more  than  do  the  numerou 
stomachs  which  Ehrenberg,  who  was  deceived  by  the  food  vacuoles, 
ascribed  to  his  Infusoria  pohjgastrica.  In  all  cases  where  a  digestive 
canal  has  been  described,  we  have  to  do  with  peculiar  strings  and 
trabecule^  of  the  internal  parenchyma  which  enclose  in  their  inter- 
stices spaces  filled  with  a  clear  fluid. 

The  more  viscid  exoplasm  is  pre-eminently 
to  be  regarded  as  the  motor  and  sensory  layer 
of  the  body.    In  it  we  find  differentiations 
resembling  muscles  {Stentor,  the  stalk  of  Vorti- 
cella).    Sometimes  small  rod-shaped  bodies  are 
present  {e.g.,  Bursaria  leucccs,  Nassula),  which 
are  comparable  to  the  thread  cells  of  Turhellaria 
^nd^Coelenterata.  The  contractile  vacuoles  appear 
as  further  differentiations  of  the  external  layer, 
structures  which  to  the  number  of  one  or  more 
are  found  in  quite  definite  portions  of  the  body. 
They  are  clear,  mostly  spherical  spaces  filled 
with  a  fluid ;  they  diminish  suddenly  and  then 
vanish,  but  gradually  reappear  and  increase  to 
their  original  size.    These  pulsating  vacuoles 
are  usually  connected  with  one  or  more  vessel- 
like lacunte,  which  swell  considerably  during  the  contraction  of 
the  vacuole.    These  structures  have  been  compared  to  the  water 
vascular  system  of  Rotifera  and  Turhellaria,  and  have  been  explained 
as  excretory— an  interpretation  which  has  in  its  favour-  the  fact  that 
the  contractile  vacuoles  in  certain  cases  open  to  the  exterior  through 
a  fine  pore  at  the  surface,  through  which  granules  pass  to  the 
exterior. 

The  nucleus  and  nucleolus  lie  in  the  exoplasm  of  the  iufusorian 
body.  The  nucleus,  which  ten  years  ago  was  compared  to  the  nucleus 
of  the  simple  cell,  is  a  structure  of  variable  shape  but  with  a  definite 
position  in  the  body.  One,  or  more  than  one,  may  be  present.  It 
is  sometimes  round  or  oval,  sometimes  elongated,  being  drawn  out 


Fl&.  UQ.—Chilodon  cucul- 
lus  (after  Stein),  with 
gullet  resembling  a 
flah-basket.  iV,  nucleus 
with  nucleolus,  excreta 
are  passing  out  of  the 
anus. 
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to  the  shape  of  a  horse-shoe  or  a  band,  and  may  be  broken  up  into 
a  number  of  fragments.  It  contains  a  granular  viscid  substance, 
is  bounded  by  a  delicate  membrane,  and,  a  b 

according  to  the  erroneous  views  of  Stein 
and  Balbiani,  gives  rise  to  ova  or  to  germi- 
nal spores.  The  micleolus  or  paranucleus 
also  varies  in  form,  position,  and  number 
in  different  species.  It  is  always  much 
smaller  than  the  nucleus,  and  is  strongly 
refractile;  it  usually  lies  close  to  the 
nucleus,  or  even  sunk  in  a  cavity  of  the 
latter.  Both  play  an  important  part  in 
the  reproduction  of  the  Infusoria. 

The  most  usual  method  of  reproduction  in  the  Infusoria  is  by 
fission.  When  the  forms  reproduced  remain  together  and  connected 
with  the  parent,  a  colony  of  Infusoria  is  formed,  e.g.,  the  stocks  of 
Epistylis  and  Carchesium.  Fission  usually  takes  place  by  a  trans- 
verse division  (at  right  angles  to  the  long  axis),  as  in  the  Oxytrichidoi, 


Fig.  141. — a,  Aspidisca  lyncaster 
(after  Stein) .  b,  Aspidisca  poly  sty- 
la,  during  fission  (ai^ter  Stein) . 


Fig.  142. — Podophrya  gemmipara  (after  R.  Hertwig).  a,  with  extended  suction-tubes  and  pre- 
hensile tentacles,  with  two  contractile  vacuoles,  h,  the  same  with  ripe  buds,  in  which 
processes  of  the  branched  nucleus  N  enter,    e,  free  young  form. 

Stentoridce,  etc.,  and,  obeying  definite  laws,  follows  conjugation  and 
division  on  the  one  hand  of  the  nuclei,  and  on  the  other  of  the 
nucleoli  (fig.  141).  Less  frequently  {Vorticella)  the  fission  takes 
place  through  the  long  axis  (fig.  143,  a,  b),  and  far  more  rarely  in 
a  diagonal  direction.  The  asexual  reproduction  is  often  preceded 
by  encystment,  which  appears  to  be  of  great  importance  for  the 
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preservation  of  the  Infusoria  from  desiccation.  The  animal  retract. 
Its  cilia,  contracts  its  body  to  a  globular  ma^s,  and  then  secretes  a 
transparent  cyst,  which  hardens  and  protects  the  animal  thus  en 
ablmg  It  to  survive  in  damp  air.  In  the  water,  the  contents  of  the 
cyst  divide  into  a  number  of  parts,  which  attain  freedom  by  the 
bursting  of  the  cyst,  each  one  becoming  a  young  animal 

Moreover,  many  Infasoria  {Acinetce)  produce  with  participation 
of  the  nucleus  a  number  of  buds  asexually,  which  separate  them- 
selves from  the  walls  of  the  parent  body  (tig.  142).  The  broods  of 
Sphterophrya  make  their  way  into  the  interior  of  other  Infusoria, 

as  Paramajcium  and 
Sty  1  onychia,  nourish 
themselves  at  the  cost 
of  the  enlarged  nu- 
cleus, and  form  em- 
bryos by  fission.  These 
embryos  swarm  out, 
and  were  for  a  long 
time  taken  by  Stein 
for  the  embryo  broods 
of  Stylonychia  (fig. 
144,  b). 

The  process  of  con- 
jugation observed  by 
Leeuwenhoek  and  O. 
Fr.  Muller  is  very 
general,  and  is  con- 
nected with  changes 
of  the  nucleus  and 
nucleolus.  These 
changes,  which  gave 
rise  to  the  erroneous 
interpretation  of  the 
two  structures  as  ovary  and  testis,  are  in  reality  simply  preparatory 
to  a  process  of  regeneration  of  the  nucleus  by  parts  of  the  paranu- 
cleus, a  process  comparable  to  the  phenomena  of  the  fertilization  of 
the  ovum  in  sexual  reproduction. 

The  conjugation  of  two  Infusoria  occurs  in  very  different  ways,  and 
leads  to  a  more  or  less  complete  fusion,  which,  after  regeneration 
of  the  nucleus,  is  followed  by  an  increase  in  the  frequency  of  fission. 
Pa7-amcecium,  Stentor,  Spirostoma,  during  conjugation,  become  con- 


FiG.  US. —Vorticella microstoma,  (after  Stein),  a,  In  process 
of  fission ;  JV,  nucleus  ;  the  mouth  apparatus  in  each  por- 
tion is  formed  afresh,  oe,  gullet,  b,  Fission  is  completed, 
the  smaller  product  is  set  free  after  the  formation  of  a 
posterior  ring  of  cilia ;  w,  adoral  zone  of  cilia,  c,  Vorti- 
cella  in  process  of  bud-like  conjugation ;  iT,  the  bud-like 
individuals  attached. 
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nected  by  their  ventral  surfaces  ;  other  Infusoria  with  a  flat  body  like 
OxytHcMna,  ChUodon,  by  their  sides ;  while  Enehdys,  Haltena, 
Coleps,  join  together 
the  anterior  extremi- 
ties of  their  bodies, 
giving  the  appear- 
ance of  transverse 
fission.  A  lateral 
conjugation  also 
takes  place  not  un- 
frequently  in  Vorti- 
cella,  Trichoclina,  etc., 
between  individuals 
of  unequal  size,  the 
smaller  one  having 
the  appearance  of  a 
bud  (bud-hke  conju- 
gation) (fig.  143,  c) 


The 
which 


alterations 
the  nucleus 


Fig.  144— o,  StylonycUa  myfihcs,  in  process  of  conjugation. 
The  nucleus  is  depicted  i  uring  division  (Balbiani's  so- 
caUed  ova);  the  nucleoli  have  divided  into  four  spheres  (sup- 
and  para7iudeus  un-      Vosei  spermcapsules)     b,  Stylcychia  filled  with  parasitic 
_  SphcBi-ophri/a  (after  Balbiani). 

dergo    during  and 

after  conjugation  have  been  especially  worked  out  in  Paramceciuvi  and 
SUjlonychia  (fig  144  a,  145).    When  several  nuclei  are  present  they 


Fig.  145. — Stylonychia  mytilus  ia  process  of  conjugation,  slightly  magnified,  (treated  with 
acetic  acid),  (after  Biitschli).  a,  Stage  of  conjugation  with  two  nucleoli  (paranuclei);  Nb, 
the  four  pieces  into  which  the  nucleus  has  divided  in  each  individual.  5,  Stage  of  conjuga- 
tion with  four  nucleoli,  of  these  N'  hecomes  the  nucleus,  and  n'  the  two  nucleoli ;  Nb,  the 
four  remaining  pieces  of  the  old  nucleus,  c,  Stylonychia  on  the  sixth  day  after  conjuga- 
tion with  nucleus  and  two  nucleoli. 


fuse  together  to  form  a  single  oval  body  (Balbiani),  the  substance 
of  which  takes  a  finely  fibrous  structu.re  previous  to  fui-ther  fission. 
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like  the  substance  of  a  true  cell  nucleus,  when  undergoing  division. 

The  paranucleus  too  increases  in  size 
and  becomes  striated,  and  divides  into 
a  number  of  bodies  by  a  single  or  re- 
peated division.  Some  of  these  bodies 
produced  by  the  division  of  the  nucleus 
and  paranucleus  disappear  or  are  cast 
out,  and  others  are  employed  in  the 
formation  of  the  new  nucleus  and 
■£  paranucleus.  The  processes  of  regene- 
ration are  for  the  most  part  not  com- 
pleted until  the  conjugating  animals 
have  separated.  Conjugation  is  probably 
followed  by  a  repeated  division  (fig.  146). 

The  mode  of  life  of  the  Infusoria, 
which  principally  inhabit  fresh  water, 
is  very  various.    Most  of  them  lead  an 
independent  life,  and  take  up  larger 
or  smaller  bodies,  even   Rotifera,  as 
nourishment.    Some,  as  Amjyhilejitus, 
select  fixed  Infusoria,  as  Epistylis  and 
Carchesium,  for  their  prey,  and  swallow  them  down  as  far  as  the 
origin  of  the  stalk ;  they  then,  while  fixed  on  the 
stalk,  secrete  a  capsule,  and  di^dde  up  into  two  or 
more  individuals,  which  pass  out.    Certain  Infu- 
soria, as  the  mouthless  Opalina,  and  many  Bursa- 
rida3,  are  parasitic  in  the  intestine  and  bladder  of 
Vertebrates.    To  these  belongs  the  Balantidium 
coli  from  the  large  intestine  of  Man  (fig.  147). 

1.  Sub-oi'der  :   Holotricha.  —  Body  uniformly 
covered  with  ciha,  which  are  arranged  in  longitu- 
dinal rows,  and  are  shorter  than  the  body.  Longer 
'Pm.u7.— Balantidium  cilia  are  sometimes  found  in  the  region  of  the 
ttrvacuoTiTaS;  '^^'^  ^^^m  an  adoral  zone. 

nucSus  ^Mes"^  ^^a  ^^^^^^'^  ^he  parasitic  Opalinse  (_OjmUn^  ranarum^,  with- 
starch-gi-anule  that  mouth  or  anus,  the  following  families  belong  to  this 
has  been  eaten,  a  group  : — 

ball  of  excrement  is      Fam.  Trachelidae.    Body  of  changeable  shape  prolonged 
°!  anterior  neck-like  process.    Mouth  ventral,  without 

rior  end.  longer  cilia.    Irachehus  ovum  Ehrbg.,  Aiiqjhilejytus  fasci- 

cola  Elirbg. 

Fam.  Colpodidae.    Form  of  body  definite.    Mouth  ventral,  in  a  depression, 


Fig.  146,  —  I'aramcBcium  Bursaria 
about  one  hour  after  conjugation 
(after  Biitschli).  .  n,  nucleohis  ;  N, 
nucleus;  PV,  contractile  vacuole. 
Two  of  the  nucleoli  have  become 
clear  spheres. 


OILTATA. 


205 


always  furnished  with  long  cilia  or  undulating  membranes.  ParmicBcium 
Aurt'lia  Fr.  Itfiiller,  P.  Bursaria  Focke,  Colpoila  cucuUns  Jihi-bg.,  Glaucoma 
scintlllans  Ehrbg. 

2.  Sub-order:  Heterotricha. — Body  uniformly  covered  with  fine 
cilia,  wliicli  are  arranged  in  longitudinal  rows,  with  a  distinct 
adoral  zone  of  cilia. 

Fam.  Bursaridae.  The  adoral  zone  of  ciliais  on  the  edge  usually  of  the  left 
half  of  the  body.  Bnrmria  truncatella  0.  Fr.  Mull.,  BalanticUum  GoU 
Malrast.,  parasitic  in  the  colon  of  man  ;  Sjnro.stoiimm,  ambiguum  Ehrbg. 

Fam.  Stentoridse.  At  the  anterior  end  of  the  body  is  a  peristomial  space  with 
a  funnel-shaped  depression,  without  any  distinct  gullet.  Steiitor  2}ohjmor2)lLus, 
0.  Fr.  MiilL,  St.  cceruleus  Ehrbg. 

3.  Sub-order  :  Hypotricha. — Body  with  sharply  defined  dorsal  and 
ventral  surface.  The  convex  dorsal  surface  is  usually  naked,  the 
ventral  covered  with  cilia  and  beset  with  styles  and  processes,  mouth 
on  the  ventral  svirface. 

Fam.  Oxytrichidae.  Body  elongated  to  an  oval.  On  the  left  half  of  the 
ventral  surface  is  a  peristomial  region,  with  an  adoral  zone  of  cilia.  The  ventral 
surface  is  beset  at  either  edge  by  a  marginal  row  of  cilia,  and  also  with  bristles 
and  hooks.  Stylongoliia  jnostulata  Ehrbg.,  with  eight  anterior  styles,  five 
ventral,  and  five  anal  cilia.    0-eytriclia  gihla  0.  Fr.  Miiller. 

Fam.  Chilodontidae.  Body  usually  armoured,  with  gullet  in  the  form  of  a 
fish-basket.    Ch  ilodon  cmcullus  Ehrbg, 

4.  Sub-order :  Peritricha. — -Infusoria  with  cylindrical  or  bell-shaped 
partially  ciliated  body.  The  cilia  are  placed  on  an  adoral  ciliated 
disc,  and  frequently  on  a  ring-like  zone. 

Fam.  Vorticellidae.  Peritricha  with  adoral  spiral  of  cilia,  -svithout  a  shell, 
attached  by  a  style,  iisually  forms  colonies.  Vorticclla  microstoma  Ehrbg., 
Bjnstylis-  2}l'('atili.s  Ehrbg.,  Zoothamnium  arhusciila  Ehrbg.,  Cavchesitim 
2)olyp'innm,  Ehrbg. 

Fam.  Trichodinidse.  Peritiicha  with  adoral  spiral  of  cilia  and  circle  of  cilia 
as  well  as  an  apparatus  for  attachment  at  the  posterior  end.  Trichodina 2}cdioiihiK 
Ehrbg, 

Fam.  Halteriidae.  Near  the  adoral  spiral  of  cilia  is  an  equatorial  zone  of 
longer  cUia.    Ilaltcria  volvox  Clap.  Lachm. 

5.  Sub-order :  Suctoria, — Body  usually  without  cilia,  with  knobbed 
tentacle-like  processes  which  serve  as  sucking  tubes, 

Fam.  Acinetidae.  Acineta  viystacina  Ehrbg,,  Pndoplirya  cyclo2miu  Clap. 
Lachm.,  S2)hcero2}lirya  Clap.  Lachm, 


As  an  appendix  to  the  Protozoa  we  will  now  proceed  to  consider  the  Scliizo- 
myectida,  which  approach  more  nearly  to  the  Fungi,  and  the  Grcgao'lnidce. 
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1.  The  SohhomycetUlff^*  (Bacteria)  arc  small  globular  or  rod-shaped  bodies 
which  arc  found  in  decaying  matter,  and  are  especially  numerous  on  the  surface 
of  putrefying  fluids,  where  they  give  rise  to  a  slimy  film  (fig.  148).  They  are 
most  nearly  allied  to  the  fungus  of  yeast,  with  which  they  also  agree  in  thei]- 
manner  of  nourishment,  in  that  they  make  use  of  ammonia  and  organic  com- 
liounds  containing  carbon.  Like  the  yeast  fungus  they  excite  and  maintain 
the  fermentation  or,  as  may  happen,  putrefaction  of  organic  matter  by  with- 
drawing its  oxygen  or  by  attracting  oxygen  from  tlie  air  (reduction  or  oxyda- 
tion  ferments).  But  they  are  clearly  separated  from  the  fungi  by  their  deve- 
lopment, for  they  incrrasc  by  rllridiny  into  two  halrr.s,  while  the  yeast  fungus 
{Saei'haromycen,  Iltn-viiHcium)  forms  buds  which  separate  off  as  spores.  The 
transverse  division  takes  place,  after  the  cell  has  become  elongated,  by  a  con- 
striction of  the  protoplasm  and  by  the  secretion  of  a  cross  partition  wall.  The 
daughter-cells  either  divide  at  once,  or  remain  united  and  produce  chains  of 
Bacteria  (filiform  Bacteria)  by  a  fresh  fission.  Sometimes  the  successive  genera- 
tions of  cells  remain  connected  by  a  gelatinous  substance,  and  so  produce  irre- 
gular shaped  gelatinous  masses  {zooylom).  Sometimes  they  become  free  and 
are  dispersed  in  swarms.   They  may  also  settle  on  the  bottom  in  the  form  of  a 


/  ^ 


Pig.  148.— Schizomycetes  (after  F.  Colin),  a,  Micrococcus,  b,  Bacterium  termo,  bacteria  of 
putrefying  fluids,  both,  in  the  motile  and  zoogloea  form. 


granular  precipitate,  as  soon  as  the  nourishment  in  the  fluid  is  exhausted.  The 
greater  number  have  a  motile  and  a  motionless  stage  ;  in  the  first  they  rotate 
themselves  about  their  long  axis,  but  are  also  able  to  bend  and  extend,  but  never 
to  serpentine.  Their  activity  seems  to  be  connected  with  the  presence  of 
oxygen. 

Owing  to  the  absence  of  sexual  reproduction,  the  division  of  Bacteria  into 
genera  and  species  is  beset  with  such  difliculty  that  we  must  content  ourselves 
with  establishing,  in  an  artificial  fashion,  form  species  and  physiological  species 
and  varieties  without  always  being  able  to  demonstrate  their  independence. 
F.  Cohn  distinguishes  four  groups  : — (1)  Globular  Bacteria,  3Hcroeocc.vs 
QMonas  and  Mycodevma) ;  (2)  Rod  Bacteria  {BaetermDi) ;  (8)  Filiform 
Bacteria  {Bacilhts  and  Vihrio') ;  (4)  Spiral  Bacteria  {Sjnrillum  and 
SjnrocJKPta'). 

The  Globular  Bacteria  are  the  smallest  forms,  and  only  exhibit  molecular 
movements.    They  cavise  various  forms  of  decomposition,  but  not  putrefaction. 

*  F.  Cohn,  "Beitriige  zur  Biologic  der  Pflanzen."  Heft  2  and  3,  1872  and 
1875.  "  Untersuchungen  liber  Bakterien,"  1,  2,  and  3  (Bacterium  termo).  Com- 
pare further  the  works  of  Eberth  and  Klebs, 


BAOXERIA — aEEGlRINIDiE. 


207 


They  can  only  be  divided,  according  to  their  various  methods  of  development, 
into  chromogeuous  (pigment),  zymogcnous  (fermentation),  and  pathogenous 
(contagion)  divisions.  The  first  appear  in  coloured  gelatinous  masses  and 
vegetate  in  the  Zoogloeaform,  e.g.,  M.  j)rodigi(mi.^  Ehbi-g.  in  potatoes,  etc., 
To  the  Zymogenous  belong  31.  urea.',  urine  ferment  ;  to  the  Pathogenous 
M.  vaccinfc,  the  Pox  Bacteria,  M.  nejJticus  of  pyjemia,  31.  dipMJierieus  of 
diphtheiitis. 

The  Rod  Bacteria  form  small  chains  or  threads,  and  exhibit  spontaneous 
motions,  especially  in  the  presence  of  abundant  nourishment  and  oxygen. 
Here  belongs  Bacterium,  termo  Bhrbg.  distributed  in  all  animal  and  vegetable 
infusions  and  the  necessary  ferment  in  putrefaction,  just  as  yeast  is  in  alcohol 
fermentation  ;  also  B.  Lineola  Ehi-bg.  of  considerable  size,  which  exists  in  spring 
water  and  in  standing  water,  in  which  there  are  no  products  of  putrefaction, 
and,  as  well  as  the  former,  has  a  zoogloea  jelly.  Another  Bacterium  form  acts 
as  ferment  of  lactic  acid,  j 
according  to  HofEman.  •     ^  — 

Of  the  Filiform  Bacteria 
the  motile  Bacillus  (vihrid) 
mitiliii  Ehrbg.  occasions 
butyric  acid  fermentation, 
but  is  also  found  in  infusions 
together  with  B.  termo. 
Very  nearly  allied  and 
hardly  to  be  distinguished 
is  the  motionless  Bacillus 
anthracis  of  inflammation 
of  the  spleen.  Vibrio  rw/ula 
and  serjjens  are  charac- 
terised by  constant  undula- 
tions of  the  chain.  Finally 
these  lead  to  the  spiral 
forms  of  which  Spirochceta 
resembles  a  long  and  flexi- 
ble but  closely  wound,  and 
Spirillum,  a  thick,  short, 
and  coarse  screw.  Spiril- 
lum tenax,  undula,  voUitans, 
the  last  with  a  flagellum  at 
each  end. 

2.  The  Gregarinidcs  *  are 
unicellular  organisms  which 
live  as   parasites    in  the 

intestine,  and  in  the  internal  organs  of  the  lower  animals 


Fig.  149. — Gregarhia  (after  Stein  and  Kolliker).  a,  Sty- 
lorhynchtis  oUgacanthtts  out  of  the  intestine  otCallopteryx. 
b,  Gregarina  {Clepsidrina)  polymorpha  from  intestine  of 
the  meal  beetle,  during  conjugation,  c,  The  same  in 
process  of  encystment.  d,  Encysted  Gregarina.  e. 
Stage  of  formation  of  Pseudonavicellaj.  /,  Pseudo- 
navicellacyst  with  ripe  Pseudonavicellse. 


The  body  is  fre- 
quently elongated  like  that  of  a  worm,  and  consists  of  a  granular  viscid  central 
mass  surrounded  by  a  delicate  external  membrane  (sometimes  with  a  subcuticular 
layer  of  muscle  stripes).  The  nucleus,  a  round  or  oval  clear  body,  is  embedded  in 

*  N.  LieberkUhn,  "Evolution  des  Gregarines,"  3Iem  cour.  de  VAcad.  de  Belg. 
1855.  N.  Lieberkiihn,  "  Beitrag  zur  Kenntniss  der  Gregarinen."  Arch,  fiir 
Amt.  und  Physiol.,  1865.  E  van  Beneden,  "Recherches  sur  revolution  des 
Grdgarines."  Bulletin  de  VAcad.  roy.  de  Belcjique,  2  Ser.  xxxi.,  1871,  Aime 
Schneider,  "  Contributions  a  I'histoire  des  Gregarines  des  Invertebr^s  de  Paris 
et  de  EoscofE."    Arcli.  de  Zoul.  Experiment.,  Tom  IV.,  1875. 
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the  central  mass.    The  structure  of  the  body  may  be  complicated  by  the  nre 

ot  the  body.    1  he  anterior  portion  of  the  l)ody  gets  in  this  way  the  appearance 
of  a  head  upon  which  there  may  be  formed  here  and  there  promiTnces  in 
.e  form  of  hooks  and  processes  for  the  purpose  of  attachment  ZHshment 
IS  eiiected  by  endosmosis,  through  the  external  walls.    Motion  is  confined^ 
slow  ghdmg  forward  of  the  feebly  coutiactile  body 

In  their  full-grown  state  the  Gregarina  are  frequently  seen  fastened  to  one 
another  two  or  more  together.  This  connected  state  precedes  reproduction 
(hg.  149).  Ihe  two  individuals  lying  with  their  long  axes  in  the  same  strai-dit 
line  contract  and  surround  themselves  with  a  common  cy.t,  and  after  undergoing 

a  process  resembling  segmentation, 
divide  into  a  number  of  small  sjxjre- 
like  balls,   which  become  spindle- 
shaped     bodies  (Pseudonavicellffi). 
The  cyst  secreted  round  the  congre- 
gating individuals,  or,  as  is  often  the 
case,  round  a  single  individual,  be- 
comes a  Pseudonavicella  cyst,  and  by 
its  bursting  the  spindle-shaped  bodies 
reach  the  exterior.    The  contents  of 
each  Pseudonavicella  sometimes  gives 
rise  to  a  small  amoeboid  body,  as  may 
be  inferred  fi'om  Liebeikiihn's  obser- 
vations on  the  Psorosperms  of  the 
pike.    In  other  cases  {Monocystin. 
Gonosjjora,  etc.)  sickle-shaped  bodies 
arise  in  the  spores,  which,  without 
passing  through  an  amoeboid  .stage, 
give  rise  to  young  Gregarines.  Mono- 
cyst-is  agilis  from  the  testis  of  the 
earth-worm.      Gregarijia    L.  Duf. 
{Cleimdrina    Hammersch.)  Body 
with  flat  partition  wall  and  wart  like 
head  at  anterior,  end.    In  the  young 
stage  the  anterior  end  of  Gr.  hlat- 
tarivni  v.  Sieb.  is  fixed  in  the  cells  of 
the  intestinal  epithelium  of  Blatta. 
Gr.  pohjmoriilia  Hammersch.  in  the 
meal-  worm. 

[The  Gregarines  are  foimd  mainly 
in  Invertebrata.  They  may  be  divided 
into  two  main  groups,  the  Polyoystidea  and  the  Moiiocystidca.  In  the  former, 
which  are  found  for  the  most  part  in  Arthropods,  there  is  a  partition  dividing 
the  body  into  two  parts  ;  in  the  latter,  which  are  found  chiefly  in  Vermes,  there 
is  no  such  partition.] 

The  structures  long  known  as  Psorosperms  from  the  liver  of  the  rabbit,  the 
slime  of  the  intestine,  the  gills  of  fishes,  and  the  muscles  of  many  Mammalia, 
etc.,  present  a  great  resemblance  to  the  PseudonavicellEe ;  but  we  are  not  yet 
fully  enlightened  as  to  their  nature.  The  case  is  the  same  with  the  structures 
known  as  Rainey's  or  Mischer's  corpuscles  fi'om  the  muscles  of,  e.g.,  the  pig  ;  and 


Fig.  150.— Rainey's  corpuscles  from  the 
flesh  of  a  pig.  a,  An  animal  inside  a  mus- 
cle fibre,  h,  Posterior  end  of  the  same, 
strongly  magnified  ;  C,  cuticular  layer ; 
B,  spores. 
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the  parasitic  animals  from  various  wood-lice  and  Crustacea,  which  were  assip:n6d 
by  Cienkowski  to  the  fungi,  under  the  name  of  Amcehidiim  2Jarasitimm,  remind 
us  by  their  reproduction  no 
less  of  the  Gregarinse  and 
their  cysts. 

The  Cocciclia  which  we 
meet  with  in  the  cells  of 
the  epithelium  of  the  intes- 
tine as  well  as  in  the  bile- 
ducts  of  Mammalia  should 
also  be  regarded  as  Orega- 
rm<?^  (fig.  151).  They  trans- 
form themselves  into  egg- 
shaped  zoosperms  by  the 
formation  of  a  capsule  and 
the  production  of  several 
spores  from  their  granular  contents.  In  Coccidium  oviforme  from  the  liver  of 
man  and  of  the  rabbit  there  are  only  four  spores  formed,  which  become  sickle- 
shaped  rods. 


Fig.  151. — Coccidnm  oviforme  from  the  liver  of  the  rabbit> 
magnified  550  diam.  (after  R.  Leuckart).  c,  d,  Stages 
of  spore  formation  which  have  only  been  observed 
outside  the  cells. 


CHAPTER  YII. 
CCELENTERATA  (Zoophytes).* 

Radially  symmetrical  animals  toith  a  body  composed  of  cells.  They 
have  a  body-cavity  which  serves  alike  for  circulation  and  digestion 
[gastrovascular  sjxcce). 

Amongst  the  Ccelenterata  we  meet  for  the  first  time  with  organs 
and  tissues  composed  of  cells.  In  addition  to  the  external  and 
internal  epithelium,  cuticular,  calcareous,  and  silicious  structures,  as 
well  as  muscles,  nerves,  and  sense-organs  are  very  generally  present. 
On  the  other  hand,  the  internal  sm-face  of  the  body  is  not  difier- 
entiated  into  organs  of  circulation  and  digestion  distinct  from  each 
other.  The  vegetative  processes  are  performed  by  the  internal  sur- 
face of  the  gastric  cavity,  the  gastrovascular  space,  of  which  the 
central  part  functions  as  stomach  and  intestine,  the  peripheral  as 
vascular  system. 

R.  Leuckart  was  the  first  to  recognise  the  importance  of  these^ 
characters,  and  made  use  of  them  to  separate  the  Polyps  and  the 
Medusa',  from  the  Echinoderms,  thus  resolving  CuAder's  type  of 
Radiata  into  the  types  of  Coilenterata  and  Echinodermata. 

It  is  only  in  more  recent  years  that  Naturalists  have  been  con- 
vinced of  the  close  relationship  between  the  Porifera  and  the  Polyp>s. 

*  R.  Leuckart.  "  Ucber  die  Morphologic  und  Verwandschaftsverhaltnisse- 
niederer  Tliiere,"  Braunschweig,  1848. 
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and  Meclusce,  and  have  included  the  former  in  the  group  of  the 
Ccelenterata.  The  Pori/era  were  for  a  long  time  taken  for  plants 
and  more  recently  for  Protozoon-stocks.  While,  however,  the  Polyps 
and  Medusa,  are  distinguished  as  Cnidaria  and  are  characterised  by 
the  possession  of  nematocysts  and  by  the  higher  differentiation  of  their 
tissues,  the  Porifera  or  Sponcjiaria  present  more  simple  forms  of 
tissue  m  the  spongy  structure  of  their  body,  and  are  without  nemato- 
cysts. The  entire  structure  of  the  body  may,  generally  speaking,  be 
described  as  radial,  although  the  radial  symmetry  does  not  appear  in 
most  sponges,  and  among  the  Cnidaria  transitions  towards  lateral 

symmetry  are  ap- 
parent. Similar 
organs  are  usually 
repeated  round 
the  body  axis  four 
or  six  times  or  in 
multiples  of  these 
numbers. 

Pour  distinct 
types  of  body  form 
are  met  with  in 
the  group  Ccelente- 
rata, viz.,  that  of 
the  S2)onge  ;  of  the 
Pol^j)  ;  of  the  Me- 
dusa ;  and  of  the 
Ctenopliora. 

The  Sponge 
type.— The  sim- 
plest    form  of 

Sponge  is  represented  by  a  fixed  cylindrical  tube,  with  an  exhalent 
opening,  the  Oscidum,  at  the  free  end  (fig.  152).  The  contractde 
wall  is  supported  by  skeletal  spicules,  and  is  pierced  by  numerous 
inhalent  pores,  through  which  water  and  small  food  particles  pass 
into  the  ciliated  internal  space.  By  the  fusion  of  separate  indi- 
viduals, and  by  reproduction  by  gemmation,  the  latter  being  the 
more  frequent  mode,  widely  different  Sponge  stocks  with  compli- 
cated canal  systems  are  formed.  The  polyzooid  nature  of  these  is 
made  apparent  by  the  presence  of  many  oscula. 

The  Polyp  type.— The  Polyp  has  the  form  of  a  cylindrical  or 
club-shaped  tube,  of  which  the  posterior  end  is  fixed  and  the  opposed 


Fig.  152.— Young  Sycon  (after  Ft.  E.  Sohulze).    O,  Osculum  or 
exhalent  pore  ;  P,  pore  in  the  wall. 
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free  pole  pierced  by  an  oral  opening  situated  on  a  flat  or  conical 
prominence,  the  oral  cone.  The  mouth  is  surrounded  by  one  or 
more  circles  of  tentacles,  and  leads  into  a  simple  cylindrical  body 
ca\'ity  {Hydroid'polyjjs),  or  through  an  oesophageal  tube  into  a  compli- 
cated gastrovascular  cavity  [Anthozoa,  fig.  153).  The  disappearance 
of  the  tentacles  gives  rise  to  the  so-called  polypoid  form,  which 
consists  of  a  simple  hollow  tube  fur- 
nished with  a  mouth. 

The  Medusa  type. — The  free-swim- 
ming Medusa  consists  of  a  flattened 


disc  or 


arched  bell  of  gelatinous 


or 


Fig.  153. 


■Sagartia  nivea  (after  Gosse). 

of  the  mouth  into 


cartilaginous  consistence,  from  the  under 
surface  of  which  hangs  a  central  stalk, 
the  manibbriimi,  bearing  at  its  free 
end  the  mouth.  This  manubrium  is 
frequently  prolonged  in  the  neighbourhood 
numerous  lobes  and  tentacles,  while  from  the  edge  of  the  disc  arise  a 
varying  number  of  thread-like  tentacles.  The  central  cavity  of  the 
body,  into  which  the  hollow  manubrium  leads,  is  called  the  gastric 
cavity,  and  from  it  peripheral  pouches  or  radial  canals,  the  so-called 
vessels,  run  to  the  edge  of  the  disc,  where,  as  a  rule,  they  are  con- 
nected by  a  circular  vessel. 

The  movements  of  the  Me- 
dusa are  eft'ected  by  the  alter- 
nate contraction  and  dilatation 
of  the  muscular  under  surface 
of  the  bell,  i.e.  of  the  subum- 
brella. 

Rudimentary  Medusse,  in 
which  the  manubrium  and 
mai-ginal  tentacles  are  absent, 
are  found.  They  are  called 
Medusoids,  and  do  not  acquire 
individual  independence,  but 
remain  attached  to  the  body 
of  the  Medusa  or  Polyp  from  which  they  are  budded. 

The  Medusae  and  Polyps,  in  spite  of  the  important  differences 
between  them,  are  but  modifications  of  the  same  plan  of  structiire. 
A  Medusa  may  be  compared  to  a  free,  flattened  Polyp,  possessing  a 
large  gastric  cavity  and  a  muscular  and  enlarged  oral  disc. 

The  Ctenophor  type  has  fundamentally  the  form  of  a  sphere, 


Fig.  151— Medusa  of  the  Podocoryne  carnea  with 
four  tentacles  at  the  edge  of  the  disc,  ovaries 
and  manubrium,  immediately  after  separa- 
tion from  the  stock. 
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beset  with  eight  meridional  rows  of  vibratile  plates,  which,  working 
like  oars,  serve  for  locomotion  (fig.  155). 

The  body  parenchyma  in  the  Sponges  consists  principally  of 
amoiba-like  cells,  which  frequently  bear  flagella,  but  which  never 
produce  stinging  threads.    In  the  Cnidaria  (Polyps  and  Medusie), 

in  cei-tain  cells  the  • 
peculiar  struc- 
tui'es    known  as 
thread   cells  (fig, 
156)are  developed. 
They    consist  of 
small  capsules 
filled   with  fluid, 
and  containing  a 
sharp-pointed,  spi- 
rally coiled  thread; 
they  are  developed 
in  cells  which  may 
be  called  cnido- 
blasts.  Under  cer- 
tain mechanical 
conditions,  e.g. 
under  influence  of 
the  pressure  pro- 
duced by  contact 
with    a  foreign 
body,   these  cap- 
sules  burst,  and 
the  thread  is  sud- 
denly protruded, 
and  either  fastens 
on  to  the  cause  of 
disturbance  or 
pierces  it,  carrying 
into  it  a  part  of 
the  fluid  contents 
of  the  capsule.  In 
many  parts  of  the  body,  and  especially  on  the  tentacles,  which  serve 
for  the  capture  of  prey,  these  small  microscopic  weapons  are  collected 
in  masses,  and  are  often  united  in  a  peculiar  arrangement  to  form 
batteries  of  thread  cells. 


Fig.  155. — Cydippe  (Hormiphora) 
plumosa  (after  Chun).  O, 
moutli. 


Fig.  156.  —  Nematocysts  and 
cnidoblasts  of  Siphonophora. 
a  and  b,  with  the  cnidocil 
of  the  cell,  e  to  e,  Nemato- 
cysts with  evaginated  thread. 


DEVELOPMENT. 


213 


The  tissues  (which  are  composed  of  cells)  are  generally  arranged  in 
two  or  three  layers,  of  which  the  external  layer  is  known  as  ectoderm 
and  forms  the  outer  skin,  while  the  internal  layer,  the  endoderm, 
line-^  the  gastric  cavity. 

Between  the  two  there  is  developed  a  delicate  homogeneous  siip- 
porting  membrane  or  a  stronger  layer  of  connective  tissue,  in  which 
the  skeletal  elements  are  developed.  This  intermediate  layer  is 
known  as  the  mesoderm.  The  skeletal  formations  present  great 
variations  in  structure  and  arrangement. 

Muscles  are  formed  in  the  deeper  part  of  the  ectoderm  as  cell- 
processes  {the  so-called  neuromuscular  fibres),  but  often  penetrate 
within  the  mesoblast  as  independent  cell  structures.  Sense  epi- 
thelium, nerve  fibrillse,  and  ganglion  cells  also  appear  as  differentia- 
tions of  the  ectoderm.  The  endoderm  cells,  on  the  other  hand,  often 
bear  cilia,  and  are  principally  concerned  in  the  processes  of  digestion 
.and  secretion. 

Where  the  tissues  are  upon  the  whole  of  homogeneous  structure,  we 
find  a  preponderance  of  asexual  reproduction  by  fission  and  gemma- 
tion. If  the  individual  forms  so  produced  remain  united,  they  give 
rise  to  the  colonies  which  are  so  widely  distributed  amongst  the 
Polyps  and  Sponges,  and  which,  by  the  continual  multiplication  of 
their  individuals,  may  in  course  of  time  attain  a  very  considerable 
size.  But  we  also  meet  eveiywhere  with  the  sexual  reproduction,  in 
that  ova  or  spermatozoa  are  produced  in  the  tissues,  usually  in  the 
region  of  the  gastrovascular  cavity,  in  a  definite  portion  of  the  body. 
As  a  rule,  the  ova  come  in  contact  with  the  spermatozoa  away  fi^om 
the  place  where  they  are  produced  ;  either  within  the  body  cavity 
or  outside  the  parent  body,  in  the  sea-water.  In  a  few  cases  only  do 
both  the  sexual  elements  originate  in  the  body  of  the  same  indivi- 
dual, as,  for  example,  in  many  of  the  Spongiaria,  some  Anthozoa, 
and  in  the  hermaphrodite  CtenopJiora.  As  a  rule,  in  the  colonies  of 
Anthozoa  the  monoecious  arrangement  of  sexes  obtains,  the  indivi- 
duals of  the  same  stock  being  partly  male,  partly  female.  Some  are 
dicecious,  e.g.  Veretillitm,  Diphyes,  Ap)olemia. 

The  development  of  the  Ccelenterata  for  the  most  part  consists  of 
a  metamorphosis.  The  just  hatched  young  difier  from  the  sexual 
animal  in  the  form  and  structure  of  the  body,  and  pass  through 
larval  stages.  The  greater  number  of  them  leave  the  egg  as 
ciliated  larvfe,  which  resemble  somewhat  an  Infusorian  in  external 
appearance.  They  acquire  a  mouth,  body  cavity,  and  organs  for 
obtaining  food,  either  during  their  existence  as  free  larv^,  or  after 
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attachment  to  »lid  surrounding  objects  in  the  sea.    If  the  young 
forms,  wlnd>  d,«er  from  the  sexual  animal,  gain  the  power  of  re 
p  oducmg  by  buddmg,  the  development  leads  to  various  forms  of 

alternation  of  generation. 


Sub-groups.— I.  SPONGIARIA*=PORIFERA. 

The  body  has  a  spongy  consistence  and  is  composed  of  rmtsses  of 
eel  s  capable  of  amoeboid  movements  and  supported  by  a  solid,  calcareous 
s^l^c^ous,  or  horny  skeleton.    There  are  external  pores,  an  internal 
canal  system,  a7id  one  or  many  exhalent  openings  (oscula). 

The  sponges  are  at  present  universally  regarded  as  Ccelenterata, 
and  m  this  group  they  are  distinguished  from  the  Cnidaria  (Polyps 
and  Medusae).  They  are  composed  of  a  contractile  tissue,  which 
IS  usually  supported  by  a  framework  composed  of  spicules  and  fibres; 
the  whole  being  arranged  in  such  a  manner  that  there  exists  on  the 
external  wall  of  the  body  larger  and  smaller  openings;  and  in  the 
interior  a  system  of  canals  and  spaces  in  which  a  continuous  stream 
of  water  is  maintained  by  the  vibratHe  motion  of  cUia. 

Amoeba-hke  cells,  net-like  membranes  of  sarcode,  flageUated  cells, 

spindle  cells,  ova,  spermatozoa,  and  tissues 
derived  as  excretions  from  cells  are  present 
as  the  histological  elements  of  the  Sponge 
body.  The  chief  mass  of  the  contractile 
parenchyma  is  composed  of  the  amoeba- 
like  cells.    These  are  granular  cells,  which, 

Fig.  157.  —  Amoeba-like  cell  of  a        i,      i,  ,         i  , 

SpongiUa.  Amoebse,  have  no  external  membrane, 

can  protrude  and  retract  processes,  and 
take  into  their  interior  foreign  substances  (fig.  157). 

The  framework  or  skeleton,  which  we  find  wanting  only  in  the  soft 

*  Literature  :  Nardo  G.  D.,  "  System  der  Scliwamme,"  Isis,  1833  and  1834. 
Grant,  "  Observations  and  Experiments  on  the  Struct,  and  Funct.  of  Sponges," 
Mlin.  Phil.  Journal,  1825 — 1827.  Bowerbank,  "  On  the  Auatomj^  and  Phvsio- 
logy  of  the  Spongiadte,"  PhUox.  Traw.,  1858  and  1862.  Lieberkiihn.  '■  Beitriige 
zur  Entwickelungsgeschichte  der  Spongillen,"  Miillcrs  Archiv.,  1856.  Lieber- 
kiihn, "  Zur  Anatomic  der  Spongien,"  Mailer's  Archiv.,  1857,  1859,  1863.  1865, 

1867.  0.  Schmidt,  "  Die  Spongien  des  adriatischen  Mecres,"  Leipzig,  W.  Eng- 
elmann,  1862,  as  well  as  Supplement.    Leipzig,  W.  Eugelmann,  18C4,  1866, 

1868.  E.  Haeckel,  "Die  Kalkschwiimme,"  3  Bde,  Berlin.  1872.  Fr.  E. 
Schulze,  "  Untersuchungen  iiber  den  Bau  und  die  Entwickelung  der  Spongien," 
Zeitschrift,fiir  vriss.  Zool.,  1876—1880. 
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gelatinous  Sponges  or  Myxospongia,  is  composed  of  horny  fibres  or 
siliciovis  or  calcareous  spicules. 

The  horny  fibres  form,  mthout  exception,  anastomosing  networks 
of  varying  degrees  of  thickness,  and  present  a  lamellated  structure 
(fig.  158),  which  indicates  that  they  are  formed  of  a  number  of  layers. 
They  are  formed  by  excretion  as  hardening 
portions  of  sarcode.  The  calcareous  needles 
(fig.  159)  are  simple  or  three-  and  four- 
rayed  spicules,  and  take  their  origin,  as 
do  the  silicious  structures,  in  the  interior 
of  cells.  The  silicious  spicules  present, 
however,  an  extraordinary  variety  of  form : 
some  of  them  constitute  a  connected  frame- 
work of  silicious  fibres,  and  others  are  free 
silicious  bodies  with  simple  or  branched 
central  canals  (fig.  160).  The  latter  are 
fovmd  in  the  form  of  needles,  spindles, 
cylinders,  hooks,  anchors,  wheels,  and 
crosses,  and  arise  in  nucleated  cells,  pro- 
bably as  deposits  round  a  hardening  of  Fig.  158.— Piece  of  network  of 
organic  matter  (central  fibre).  ^^"'^  Euspongia 

o  \  /  equina. 

In  order  to  understand  the  morphology 
of  the  Spongiaria  we  must  begin  by  examining  the  structure  of  a 
young  Sponge,  which  proceeds  from  the  fixed  larva.  The  young- 
Sponge,  after  the  formation  of  a  cihated  gastric  cavity  and  an  ex- 
halent  opening  or  osculum,  has  the  form  of  a  simple  hollow  tube, 
the  walls  of  which  are 
pierced  by  pores  for  the 
passage  of  small  food 
particles  suspended  in 
the  water  (fig.  152). 

In  this  stage  we  can 
distinguish  three  layers 
—  ( 1 )  an  entoderm, 
formed    of  elongated 

flagellated   cells;    (2)    a  Fi«.  ISO.-Calcareous  Spicules  of  %co™. 

mesoderm,  the  skeleto- 

genous  cell  layer,  the  structure  of  which  recalls  connective  tissue ; 
and  (3)  an  ectoderm,  which  forms  the  outer  layer  of  the  Sponge, 
and  consists  of  aflat  epithelium.  The  cylindrical  cells  of  the  endo- 
derm  possess  at  their  free  ends  surrounding  the  flagellum  a  delicate 
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hyaline  marginal  membrane,  which,  derived  from  a  prolongation  of 
the  hyaline  plasma,  projects  as  a  hollow  cylinder  resembling  the 
protoplasmic  collar  of  certain  Flagellata  ''-  {(Jylicoviaatiyes).  [This 


Fig.  160. — Silex  bodies  from  different  silicious  Sponges,  a,  Siles  needle  from  Spongilla, 
inside  the  cell,  h,  Amphidisc  of  a  gemmule  of  Spongilla.  c,  Anchor  from  Ancorina.  d, 
Tlook  from.  JEsperia.  e,  Star  from  Ckondrilla.  f,  ATichortromSuplectella  axpergiUiim.  g,  h, 
needle  rays  from  the  same,  i,  Six-rayed  needle  from  the  same,  with  central  canal. 

structure  is  commonly  known  as  the  collar,  and  the  cells  as  the 

collared  cells.] 

The  thick  layer  in  which  the  skeletal 
spicules  are  pi-oduced  consists  of  a  hyaline 
matrix,  in  which  irregularly  branched  or 
spindle-shaped  amoeboid  cells  are  embedded, 
and  may  be  regarded,  like  the  gelatinous 
substance  of  the  Acalepha,  as  mesoderm, 
while  the  external,  clearly  defined,  flat  epi- 
thelium (also  in  the  Asconia,  Leucosolenia) 
is  to  be  considered  as  ectoderm. 

The  pores  or  inhalent  openings  so  cha- 
racteristic of  the  Sponge  body  are  in 
reality  only  intercellular  spaces,  and  are 
able  to  close  themselves,  vanish  and  be  replaced  by  new  pores, 
which  arise  by  the  separation  of  one  cell  from  another  (fig.  161). 

*  Upon  this  ground  Clark  declared  the  Sponges  to  be  nearly  allied  to  the 
Flagdlata,  and  regarded  them  as  great  colonies  of  the  latter. 


Fig.  161. — Portion  of  the  exter- 
nal layer  of  Spongilla  with  the 
pores,  P  (after  Lutaerkiihn) . 
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ximongst  the  calcareous  Sponges,  the  simple  Sponge  with  inhalent 
pores  and  terminal  osculum  {Olynthus-iorm)  is  represented  by  the 
stock-forming  Lmcosolenia  (Grantia),  which  is  composed  of  numerous 
hollow  cyliaders.  The  structure  of  this  sponge 
has  been  described  by  Lieberkiihn. 

In  the  Syconidce  the  body  cavity  has  a  more 
compHcated  form.  The  central  space  opens  into 
secondary  peripheral  spaces  or  radial  tubes,  which 
are  lined  by  ciliated  cells,  and  open  externally 
through  the  inhalent  pores  (fig.  162). 

In  other  calcareous  Sponges  {Leuconidce)  the 
radial  canals  have  the  form  of  irregular  parietal 
canals,  giving  off  branches  to  the  peripheiy  and 
possessing  dilated,  ciliated  chambers.  This  form 
of  internal  canal  system  is  also  found  in  most 
of  the  stock-forming,  silicious  Sponges  (fig.  163). 

Sponge  forms  may  become  more  complicated 
by  the  formation  of  stocks  ;  the  originally  simple 
Sponge,  which  has  developed  from  a  single  cili- 
ated larva,  gives  rise  by  budding  and  incomplete 
fission  to  a  polyzoid  sponge  body;  or  several 

originally 


separate 
individu  - 
als,  each 
of  which 
has  origi- 


FiG.  162.— Longitudinal 
section  through  Sijcon 
raphanus,  slightly  mag- 
nified. 0,  Osculum 
with  collar  of  spicules ; 
at,  radial  tubes  which 
open  into  the  central 
cavity. 


nated  from  a  single  larva, 
fuse  tosfether  to  form  a  com- 
pound  sponge  stock.  Both 
these  methods  of  growth  are 
repeated  in  a  similar  manner 
in  the  formation  of  the  stocks 
of  Polyps  (fig.  164).  In  the 
same  way  that  the  fan-like 
Fig.  163. —  Section  of  Corticimii  candelahrum  (after  nets  of  the  Pan  Coral  {Bhipi- 
parietafSnir^'       ^'^'""^^^  °*       clogorcjia  flahellum)  are  formed 

by  the  i-epeated  fusion  of  its 
branches,  the  gastrovascular  cavities  of  which  anastomose,  so  also 
in  the  case  of  the  branching  sponges,  as  a  result  of  the  same  pro- 
cess, reticulate,  or  coiled  or  even  massive  stocks  are  formed  (fig.  165). 
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In  this  case  the  canal  system,  in  which  the  modifications  before 
described  for  each  individual  8pouge  are  repeated,  becomes  more 
complex,  partly  through  the  formation  of  anastomoses,  and  partly 
because  irregular  gaps  and  winding  pa.^sages  make  their  appearance 
between  the  fused  branches  of  the  stock  and  form  spaces  which  lead 
into  the  ciliated  cavities. 

Eeproduction  takes  place  mainly  asexually  by  fission  and  the 

production  of  germs  or  fjeramules,  but  also 
by  the  formation  of  ova  and  sperm  capsules. 
The  gemmules  are  in  the  fresh-water  Sponyilla 
masses  of  cells  which  are  surrounded  by  a 
firm  shell  composed  of  silicious  structures 
{amphidiscs),  and,  like  encysted  Protozoa, 
pass  through  a  long  period  of  rest  and  inac- 
tivity. After  the  expiration  of  the  cold  and 
steiile  season  of  the  year,  the  contents  pass 
out  of  the  opening  of  the  capsule  and  gene- 
rally surround  the  latter,  and  with  increasing 
growth  become  differentiated  into  amoeboid 
cells  and  all  the  essential  parts  of  a  new  small 
sponge  body.  Multiplication  by  means  of 
gemmules  is  also  common  among  the  marine 
Sponges.  The  gemmules  take  their  origin 
under  certain  conditions  as  small  globules 
surrounded  by  a  membrane.  The  contents 
are  essentially  formed  of  sponge  cells  and 
spicules,  and,  after  a  longer  or  shorter  period 
of  inactivity,  reach  the  exterior  by  the  ruptm-e 
of  the  membrane. 

Sexual  repi-oduction  was  first  demonstrated 
with  certainty  by  Lieberkiihn  for  Sj>ongilla, 
but  more  recently  has  been  shown  to  exist  in 
almost  every  group  of  Sponges.  In  most 
cases  the  ova  and  spermatozoa  seem  to  reach 
maturity  at  different  times  in  the  same  Sponge. 
The  spermatozoa  are  needle-shaped,  and  lie  in  small  spaces  lined 
with  cells.  The  ova,  like  the  mother  cells  of  the  spermatozoa,  are 
modified  cells  of  the  parenchyma,  and  are  derived  from  cells  of  the 
same  tissue  layer  (mesoderm)  in  which  the  needles  and  skeletal 
Btructures  take  their  origin.  The  ova  are  naked  amoeboid  cells,  and 
pass  into  the  canal  system,  while  in  the  viviparous  Sijcons  they 


Fig.  164. — Axinella  polypoides 
(after  O.  Schmidt). 
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remain  in  the  mesoderm,  and  there  undergo  their  development, 
is  only  later  that  the 

0 


ciliated  embryos  or 
larvse  fall  into  the 
canal  system,  pass 
out,  and  attach 
themselves,  to  de- 
velop into  a  young- 
sponge. 

The  embryonic  de- 
velopment among  the 
calcareous  sponges  is 
most  accurately 
known     for  the 


It 


Fi&.  165. 


-Ens2}ongia  officinalis  adriatica ,  witli  a  numoer  of 
oscula,  O  (after  Fr.  B.  Schulze). 


Syconidce  from  the  investigations  of  Fr.  Schulze  and  Barrois. 


y.--e.  


o  ... 


Fig.  166.— Development  of  Sycon  rn-phanus  (after  Fr.  E.  Schulze).  a,  Bipe  ovum,  h.  Stage 
with  four  segmentation  cells,  c,  Stage  of  segmentation  with  sixteen  cells,  d,  Blastosphere 
with  large  dark  granular  cells  at  the  open  pole,  e.  Free-swimming  larva,  one-half  of  the 
body  (entodermal)  being  formed  of  long  ciliated  cells,  the  other  (ectodermal)  of  large 
granular  cells. 


^'^^  CCELBNTEIIATA. 

After  the  completion  of  the  tolerably  regular  segmentation  (fig. 
166,  a—c),SyGbn  {Sycandra)  rcqjhanus  passes  through  a.  blastosphere 
stage,  during  which  the  greater  half  of  the  ovum  consists  of  clear 
cylindrical  cells,  and  the  smaller  half  at  the  still  open  pole  of  large 
dark  granular  cells  (fig.  166,  d).  The  cylindrical  cells  of  the  larger 
half  develop  cilia,  and  the  embyro  passes  out  of  the  body  cavity  and 
becomes  a  free-swimming  larva,  which  attaches  itself  and  alters  its 
shape  in  such  a  manner  that  the  dark  cells  grow  over  the  ciliated 
portion  of  the  globe,  which  is  meanwhile  invaginating.  The  ecto- 
derm and  mesoderm  are  derived  from  the  dark  granular  cells,  and 

the  ciliated  cells 
give  rise  to  the 
entoderm  of  the 
gastric  cavity. 
Later  on  the  body 
of  the  sponge  be- 
comes cylindrical, 
the  osculum  makes 
its  appearance,  and 
calcareous  needles 
appear  in  the  wall, 
which  becomes 
pierced  by  pores 
(fig.  167). 

With  the  excep- 
tion of  Sjiongilla, 
the  sponges  are 
marine,  and  are 
met  with  under 
very  diSerent  con- 
ditions, and  covering  a  wide  area  of  distribution.  The  horny 
sponges  live  in  shallow  seas,  as  also  the  Myxospongice  and  Chalinece, 
or  siliciceratous  Sponges ;  while  the  Hexactinellidce  inhabit  very 
considerable  depths.  Petrified  remains  of  sponges  are  also  found 
preserved  in  various  formations,  for  instance  in  the  chalk ;  and 
these  remains  differ  much  from  the  greater  number  of  those 
living.  On  the  other  hand,  the  glassy  sponges  of  the  deep  sea 
agree  so  fully  with  the  ancient  forms  that  they  seem  to  be  the 
direct  descendants  of  the  latter.  Finally,  many  of  the  principal 
groups  extend  back  into  the  palreozoic  age,  in  which  Lithistidce  and 
Hexactinellidce  especially  are  met  with  in  the  most  ancient  Silurian 


Fig.  167.— Young  Sycon  (after  Fr.  E.  Scliulze).   O,  Osculum 
or  exhalent  apertui-e ;   P,  pores  of  the  wall. 
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strata.  Hence  paljeontology  affords  us  no  facts  for  determining  the 
phylogenetic  development  of  the  Porifera. 

CLASS  I.— SPONGIA. 
[With  the  characteristics  of  the  Groui^). 
Order  1 ,— Myxospongia  (gelatinous  sponges).    Soft,  fleshy  sponges, 
without  any  skeleton,  Avith  a  hyaline  gelatinous  mesoderm,  often 
contaming  fibrous  cords.    The  ectoderm  cells  are  fairly  elongated, 
and  bear  flagella. 

Fam.  Halisarcidae.  Hulimrca  Duj.  H.  loMdarix  0.  S.,  colour  dark  violet ; 
encrusts  stones ;  Sebenico.  H.  Dujardinii  Johnst.,  forms  a  white  encrustmeut  on 
the  Laminaria  of  the  North  Sea. 

Order  2. — Ceraospongia  (horny  sponges).  For  the  most  part 
branched  or  massive  sponge  stocks,  with  a  framework  of  horny 
fibres,  in  which  grains  of  silex  and  sand  are  present  as  foreign 
bodies. 

Fam.  Spongiadae.  Busponijia  0.  S.,  with  very  elastic  fibrous  fi'amework,  of 
equal  strength  throughout,  mostly  capable  of  being  used  for  bath  and  washing 
sponges.  E.  adriatica  0.  S.,  equina  0.  S.,  zimocca  0.  S.,  in  the  Greek  Ai'ohi- 
pelago,  violisslma  0.  S.,  Levantine  sponge,  cup-shaped.  Sjwnf/elia  elegans 
Nardo. 

Order  3. — HALiCHONDRiiE  (siliciceratous  sponges).  Sponges  of 
very  various  shapes,  with  usually  uniaxal  silicious  needles,  simple 
sihcious  spicula,  which  are  connected  by  delicate  or  firmer  plasmatic 
structures,  disposed  in  networks  or  enclosed  in  sponge  fibres.  Of 
the  numerous  families  the  following  may  be  mentioned  : — 

Fam.  Chrondrosidae.  (^Ghimminece),  Coriaceous  sponges.  Cliroiulrosia  reni- 
furmis  Nardo. 

Fam.  Suheritidae.  Sponges  of  massive  form,  with  knobbed  silcx  spicules, 
which,  as  a  rule,  are  arranged  in  network.  Sitherites  Mardo.  S.  doniuncvla 
Nardo,  Adriatic,  Mediterranean. 

Fam.  Spongillidae.  Massive  or  branched  with  simple  spicules,  connected  by 
investments  of  sarcode.    Sponrjilla  _ffvriatilis  Lk.,  Sj?k  lacntstria  Lk. 

07-der  4. — Hyalospongia.  Sponges  with  a  firm,  often  hyaline 
lattice-work  of  silex  spicviles,  which  present  the  most  perfect  form  of 
six-rayed  spicules  {Hexactinellidce),  and  may  be  cemented  together 
by  a  stratified  silicious  substance. 

Fam.  Hexactinellidae  (glassy  sponges).  With  connected  silicious  framework 
and  network  of  stratified  silicious  fibres,  which  join  the  six-rayed  silicious 
bodies,  frequently  with  isolated  spicules  and  tufts  of  silex  hairs,  which  serve  to 
attach  the  sponge.  They  live  for  the  most  part  at  considerable  depths,  and  are 
allied  to  the  fossil  Vvntriculitidfe.   Dactyliwalyx  Bbk.    Eujileetclla  Owen. 


^■^•^  C(KLENTBKATA. 

B.  asprvdillum  Owen,  Philii)pine8.  In  the  body  cavity  of  the  glassy  sponge 
are  found  Arga  .ymui/ijma,  and  a  small  Palremon..  Hynloiwvm  SiehoMii 
■Gray,  Japan.    //.  hornile  Lov6n,  North  Sea. 

Order  5.—  Calcispongi^,  Calcareous  sponges.  Usually  colour- 
less, sometimes  red-coloured  sponges  and  sponge  stocks,  the  skeletons 
of  which  consist  of  calcareous  spicules.  These  are  either  simple 
needles  (as  they  first  appear  in  the  embryonic  form)  or  three  or  four- 
.armed  cross  spicules.  Very  often,  however,  we  meet  with  two  or  all 
three  forms  of  spicules  in  the  same  sponge. 

Fani.  AsconidsB  (Li-vrosok'nides,  Ascons).  Calcareous  sponges,  the  walls  of 
which  are  pierced  by  simple  canals.  Grantia  Lk.  {Leueosolcnia  Bbk.),  these 
•are  divided  by  E.  Haeckel  into  seven  genera,  Ascysm,  Ascctta,  Ascilla,  Ascortu, 
Ascidmis,  Axcaltin,  Asoandra,  according  to  the  form  of  the  calcareous  needles  or 
spicula.  Or.  hotvy aides  Lk.  {Ascandra  complieata  E.  Haeck),  Heligoland, 
nearly  allied  to  Gr-  LieherkuJmii.  0.  S.  from  the  MediteiTanean  and  Adriatic. 

Fam.  Leuconidse  (  Grantiida;,  Leucons),  calcareous  sponges,  with  thick  wall, 
which  is  pierced  by  branched  channels.  Lcuconia  Grt.,  divided  by  E.  Haeckel 
into  seven  genera,  according  to  the  form  of  the  calcareous  spicules — Leucysm, 
Lencetta,  LenciUa,  LericortU,  Lcucuhnix,  LeucoMis,  Leucandra.  L.  {Leucctta) 
■primifjenia  E.  Haeck. 

Fam.  Sycondiae  (Sycons).  Mostly  solitary  calcareous  sponges,  with  thick 
walls,  which  are  pierced  by  straight  radial  tubes.  The  latter  project  on  the  surface 
as  conical  prominences  of  the  wall.  Sycon  Eisso,  divided  by  E.  Haeckel  into 
■seven  genera — Sycyssa,  Sycetta,  Sy  cilia,  SyGorti.%  Syculnw,  SycaltiK,  Syr  amir  a. 


Sub-group  II. — CNIDARIA  (Ccelenterata,  s.  str.) 

Ccdenterata,  with  consistent  tissues  not  2Jiercecl  by  a  system  of  ^^ores  ; 
•the  oscxdum  is  replaced  by  a  mouth  ;  loith  thread  cells  in  the  ejyithelial 
■tissues. 

The  Cnidaria  represent  the  Ccelenterata  in  a  more  restricted  sense ; 
and  in  their  structure  the  ludial  symmetry  appears  more  strongly 
mai'ked.  In  them  the  amceboid  cell,  as  an  independent  tissue  vmit, 
loses  its  importance  for  the  functions  of  locomotion  and  nourishment, 
although  the  entoderm  cells  often  possess  the  power  of  absorbing 
solid  particles,  after  the  manner  of  the  amoebfe.  The  gastrovascular 
iipparatus,  on  the  contrary,  functions  distinctly  as  a  digestive  and 
circulatory  body  cavity.  Pore  systems  in  the  skin  are  not  required 
for  the  introduction  of  nourishment,  since  the  mouth,  which  corre- 
sponds to  the  osculum,  provides  for  the  reception  of  food.  Nemato- 
.cysts  are  very  commonly  found  as  productions  of  the  epithelial  cells, 
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Fig.  168. — Group  of  nematocysts  at  the  end 
of  the  tentacle  of  a  Sci/phistoma 


principally  of  the  ectoderm,  but  also  of  the  entoderm.    Each  Cnido- 

hlast,  from  the  contents  of  which  a  nematocyst  is  developed,  possesses 

a  fine  superficial  plasmatic  process  {Cnidocil),  which  is  probably  very 

sensitive  to  mechanical  stimuli, 

and    occasions  the  bursting  of 

the  capsule. 

Very  frequently  the  Cnidoblasts 

are  found  thickly  grouped  to- 
gether at  dertain  places,  and  form 

wart-like  swellings  or  batteries 

(fig.  168).    The  differentiation  of 

tissues  and  organs  also  appears  to 

have  leached  a  higher  stage  in 

the  Cniclaria,  in  comparison  with 
the  Porifera,  in  which  cnidoblasts 

have  not  hitherto  been  discovered.    Sense  cells,  in  particular,  are 
found  in  the  ectoderm,  and  these  are  not  seldom  grouped  together 
as  specific  sense  organs.     Nerve  cells  and  fibres  are  also  present; 
the  latter  often 
form    a  deeper 
layer  of  fibrous 
tracts  beneath 
the  superficial 
layer  of  the  ec- 
toderm,   with        \^}^j2ijiif?_^_i®^'i  )®;®;*j©jQto./A7i'j0  jq)(?\qjM'tj^)0^1-_/<; 

which  they  stand  Fig.  169.— Longitudinal  section  through  the  nerve  ring  of  Charyhdea. 
i  n       connection  ^^'^^^  "^^^^  ectoderm ;  6z,  ganglion  cells  ;  Nf,  nerve 

-  fibres  ;  iS<Z,  supporting  lamella;  iJ,  entoderm  cells. 

through  pro- 
cesses of  the  sense  cells.    Amongst  many  Medusae  {Craspedota  and 
Charyhdea)  we  find  a  single  or  double  nerve  ring  near  the  edge 
of  the  disc,  while  in  the  Polyps  {Actinia),  the  nerve  fibres  have  a 
more  irregular  distribution  (fig.  169). 


CLASS  I.— ANTHOZOA*  =  ACTINOZOA  {Coral iiohjijs). 

Polyps  with  (esophageal  tube  and  mesenteric  folds,  tvith  internal 
generative  organs  {no  medusoid  sexual  generation),  usually  loith  solid 
mesodermal  calcareous  skeleton. 

The  polyps  of  the  Actinozoa  are  distinguished  from  the  polyps 

*  Ehrenbei'g,  "  Beiti-age  zur  physiologischen  Kenntniss  der  Korallenthiere  im 
Allgemeinen  und  besonders  des  rothen  Meeres."  Ehrenberg  "  tiber  die  "N'atiu- 
und  Bildung  der  Korallenbanke,"  AM.  der  Berl.   Aliad,  1832.   Ch  Darwin 
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of   the   Hydromedusfe  by  their  larger  size  and  the  more  com- 
plicated structure  of  their  gastrovascular  cavity  (fig.  43).  The 
latter  is  not  a  simple  cavity  in  the  body,  but  is  divided  by  numerous 
vertical  partitions,  the  mesenteric  folds,  into  a  system  of  vertical 
pouches  which  communicate  with  one  another  at  the  bottom  of 
the  gastric  cavity.    In  addition  a  system  of  capillary  passages  is 
also  frequently  present  in  the  body  wall.    At  their  upper  extremity 
the  pouches  are  continuous  with  the  canals  leading  into  the  hollow 
tentacles,  since  the  edges  of  the  mesenteries  bounding  fhem  unite 
with  the  wall  of  the  oiul  tube  which  hangs  from  the  mouth.  An 
opening  may  however  persist  in  each  mesentery  underneath  the  oral 
disc,  putting  the  neighbouring  chambers  in  communication.  The 
oral  tube  has  the  significance  of  an  oesophagus,  and  possesses  at  its 
intei-nal  end,  where  the  peripheral  chambers  open  into  the  central 
cavity,  an  opening  capable  of  being  closed,  by  means  of  which  its 
cavity  stands  in  communication  with  the  gastrovascular  system.  The 
mouth  is  used  not  only  for  the  reception  of  food,  but  also  for  the  re- 
jection of  excreta.    The  secretions  of  the  coiled  and  twisted  filaments 
(mesenteric  filaments)  at  the  edge  of  the  mesenteries  must  be  regarded 
as  aiding  in  digestion  (fig.  43). 

The  body  of  the  polyp  consists  of  an  external  coating  of  cells^ 
an  internal   layer  lining  the  gastric   cavity,  and   an  interposed 
connective  tissue  layer  of  very  various  thickness  and  structure 
(mesoderm).    The  latter  appears  rarely  as  gelatinous  tissue,  and 
more  frequently  as  a  tough  homogeneous  connective  tissue  containing 
spindle  and  star-shaped  cells  {Alcyonidce,  Gorgonidoe).    This  tissue  can 
also  assume  the  form  of  fi.brous  connective  tissue,  and  become  the 
seat  of  calcareous  deposits.    Muscle  fibres,  which  take  their  origin 
from  the  entoderm  cells,  can  also  appear  in  the  mesoderm ;  while  the 
newly  discovered  ectodermal  sense  epithelium  and  nerve  fibrillse 
keep  their  superficial  position  in  the  region  of  the  oral  disc  and  on 
the  tentacles.    The  generative  products  arise  on  the  mesenteries 
near  the  mesenteric  filaments  as  band-shaped  or  folded  thickenings, 
and,  according  to  Hertwig,  are  products  of  the  entoderm.    The  sexes 
are  for  the  most  part  separate,  although  hermaphrodite  individuals 

"  The  Structure  aud  Distribution  of  Coral  Reefs,"  London,  1842.  J.  D.  Dana, 
"United  States  Expl.  Expedition.  Zoophytes."  Philadelphia,  1846.  M.  Edwards 
et  J.  Haimc,  "  Histoire  naturelle  des  Corailliares,"  3  Tom,  Paris,  1857 — 1860. 
Laca'ze  Duthiers.  "  Histoire  naturelle  du  Corail,"  Paris,  1864.  Gosse,  "  Actino- 
logia  britannica,"  Loudon,  1860.  KciUiker,  "  Anatomisch-systematische  Beschrei- 
buno-  der  Alcyonarien,"  1872.  Moseley,  "  The  Structure  and  Relations  of  the 
Alcyonarian  Heliopora  ccerulea,  etc,"  PJultmj}!!.  TranmctioHS  of  the  Bo;/,  Soc, 
1876. 
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are  met  with.  In  rare  cases  all  the  individuals  are  hermaphrodite, 
e.(/.,  Cericmthus. 

The  embryos  produced  from  the  fertilised  ovum,  which  undergo 
a  complete  segmentation,  are  frequently  born  alive  as  cilated  larvae, 
and  possess  an  internal  gastric  cavity,  and  an  oral  aperture  situated 
at  the  pole,  which  is  directed  backwards  during  movement.  They 
then  fix  themselves  by  the  pole  opposed  to  the  oral  aperture  and 
protrude  in  the  region  of  the  mouth  first  two,  then  four,  eight, 
twelve,  etc.,  tentacles ;  in  the  Octactinia  eight  tentacles  at  once. 

In  the  Polyactinia,  the  tentacles  and  mesenteric  pouches  of  which 
are  arranged  in  multiples  of  six,  it  was  till  recently  erroneously  believed 
with  M.  Edwards  that  six  primary  mesenteries  were  first  developed, 
then  six  secondary  between  them ;  then  twelve  were  formed,  then 
twenty-four,  etc.,  so  that  mesenteries  of  equal  size  were  of  equal  age 
and  belonged  to  a  cycle  formed  at  one  time.  Lacaze  Duthiers 
however  produced  proofs  that  the  increase  of  mesenteries  and  of 
tentacles  follows  an  entirely  different  law  of  growth,  and  that  these 
structures  in  the  first  phases  of  development  show  a  bilateral 
symmetry;  and  it  is  only  later  that  the  six  radial  symmetry 
appears  by  the  equalization  of  the  alternating  elements  of  unequal 
age.  A  remnant  of  the  primitive  bilateral  symmetry  is  moreover 
often  preserved  in  the  elongated  mouth  slit,  which  falls  in  the 
plane  of  the  two  primary  tentacles. 

Amongst  the  Polyactinia  the  very  young  larva?  of  the  Actinia 
{A.  mesemhryanthemum,  Sagartia,  Bimodes)  have  been  most  accu- 
rately investigated.  They  are  small  ciliated  pla.nulte,  one  pole  of 
which  is  somewhat  drawn  out  and  bears  a  tuft  of  longer  cilia.  The 
opposite  end  of  the  body  is  flattened  and  pierced  with  a  mouth. 
This  leads  by  a  short  oesophageal  tube,  which  arises  by  invagination, 
into  the  narrow  gastric  cavity.  The  first  differentiation  consists  in 
the  appearance  of  two  folds  placed  opposite  each  other,  which  divide  the 
gastric  cavity  into  two  unequal  chambers.  The  mouth  is  drawn  out 
in  the  form  of  a  longitudinal  slit  symmetrical  with  and  at  right 
angles  to  these  primary  mesenteric  folds ;  so  that  by  means  of 
them  the  position  of  the  median  plane  can  be  determined.  Two  new 
folds  soon  arise  in  the  larger  chamber,  which  we  will  call  the  anterior  ; 
these  lie  opposite  to  one  another  and  symmetrically  with  the  median 
plane;  so  that  four  chambers  are  now  present,  an  anterior,  a 
posterior,  and  two  smaller  lateral  ones.  A  third  pair  of  folds  are 
then  developed  in  the  posterior  space,  and  a  fourth  pair  follow 
quickly  in  the  lateral  chambers  :  the  fourth  pair  are  slightly  smaller 
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than  the  preceding  ones.  After  an  interval  four  new  folds  appear,  one 
on  each  side  of  the  two  primary  mesenteries  (fig.  170).  The  twelve 
gastrovascular  chambers  thus  formed  gradually  become  equal  in 
size,  and  can  be  sepai-ated  into  two  unpaired  chambers  situated  in 
the  median  plane,  and  into  five  pairs  placed  symmetrically  on 
either  side  of  it. 


Fig.  170.— From  the  history  of  the  development  of  Actinia  megemhryanihemum  (after  Lacaze 
Duthiers).  (f,  Larva  with  eight  mesenteries  and  two  coiled  bands ;  O,  mouth,  h,  ShRhtly 
more  advanced  larva  with  the  commencement  of  eight  tentacles,  c,  d,  Young  Actinia 
with  twenty -four  tentacles,  two  longitudinal  sections  at  right  angles  to  one  anothei.  e, 
Mouth  and  tentacles  seen  from  the  oral  sm-face. 


The  tentacles  begin  to  develop  before  the  appearance  of  the  fifth 
and  sixth  pairs  of  mesenteries.  They  appear  at  the  oral  end  of  the 
gastrovascular  chambers,  and  the  tentacle  of  the  anterior  unpaired 
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Fig.  171. — Blastotroehns 
nidrix  (after  0.  Sem- 
per). iX,  Lateralbnd. 


chamber*  appears  first,  surpassing  in  size  those  which  follow  it.  The 
opposite  (posterior)  unpaii-ed  tentacle  and  the  other  paired  tentacles 
then  make  their  lirst  appearance  as  small  wart-like  prominences. 
When  the  twelve  tentacles  have  been  formed,  they  become  alter- 
nately equalised,  so  that  six  larger  tentacles, 
amongst  which  are  reckoned  the  unpaired  ten- 
tacles of  the  long  axis,  alternate  with  the  same 
number  of  smaller  ones,  and  we  have  two  circles 
of  six  tentacles  of  the  first  and  the  same  number 
of  the  second  order. 

The  asexual  reproduction  by  gemmation  and 
fission  is  of  great  significance.  Buds  can  be 
formed  in  various  positions,  even  at  the  oral 
end,  in  which  case  a  strobila-like  form  appears. 
In  Blastotrochus  the  buds  appear  at  right 
angles  to  the  axis  of  the  parent  animal  (fig. 

171)  . 

If  the  individuals  so  produced  remain' connected  with  one  another, 
a  polyp-stock  is  formed,  which  may  attain  very  various  forms  and 
great  size.  As  a  rule  the  individuals  are  imbedded  in  a  common 
body  mass,  the  ccenenchym,  and  their  gastric  cavities  communicate 
more  or  less  directly,  so  that 
the  juices  acquired  in  the  in- 
dividual polyps  penetrate  into 
the  collective  stock.  This  stock 
afibrds  us  an  excellent  example 
of  an  animal  community  built 
up  out  of  similar  members. 
The  formation  of  the  generative 
products  alone  is  distributed,  as 
a  rule,  to  different  individuals, 
which,  however,  unite  in  dis- 
charging all  animal  and  vege- 
tative functions  together  (fig. 

172)  . 

The  skeletal  formations  of  the  fig.  172.— Branch  of  a  Polyparium  of  CoraUium 
polyps  are    specially  worthy  of  (after  Lacaze  Duthiers).    P,  Polyp. 

remark  {Polyparia).  In  almost  every  case,  with  the  exception  of  Ac- 
tinia, there  is  a  deposit  of  solid  calcareous  matoer  in  the  mesoderm,  and 

¥*c7«  ^^'^^  tentacle  of  the  young  Scyphistoma  polyp  among  the  Hydro- 
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according-  to  the  density  of  this  deposit,  there  is  produced  a  leathery 
chalky,  or  even  stony  framework. 

If  isolated  needles  or  toothed  rods  (fig.  173)  of  calcareous  substance 
are  distributed  beneath  the  epidermis  and  the  canenchyma,  the 
pol}'p-stock  has  a  fleshy,  leathery  nature  {Alcyonaria)  ■  but  if,  on  the 
contrary,  the  calcareous  structures  are  fused  together  or  are  cemented 
together  in  a  larger  mass,  a  solid,  more  or  less  firm,  often  stony  cal- 
careous skeleton  is  developed  {Madrejwraria) .  In  the  individual 
animals  the  formation  of  this  sub-epidermic  skeleton  begins  on  the 

foot   surface,    and  advances 
thence  in  such  a  manner  that 
near  the  calcareous  foot-plate 
there  is  formed  in  the  under 
part  of  the  polyp  body  a  more 
or  less  cup-shaped  theca,  from 
which  numerous  perpendicular 
plates,  the  se2yta,  radiate  in- 
wards. In  the  cup-shaped  cal- 
careous  framework   of  the 
individual  polyp,  the  structure 
of  the  gastrovascular  cavit}-  is 
repeated,  with  the  exception 
that  the  calcareous  septa  cor- 
respond to  the  interspaces  of 
the    mesenteries    (fig  174). 
The  number  of  the  septa  in- 
creases as  does  that  of  the 
mesenteries  and  tentacles  with 
the  age  of  the  poljq^)  according 
to  the  same  laws.     At  the 
same  time  a   great  numbei- 
of   systematically  important 
modifications  of  the  skeleton  are  effected  by  further  differentiation. 
A  column-like,  calcareous  mass  sometimes  arises  in  the  axis  of  the 
cup  {columella),  and  in  its  neighbourhood  a  circle  of  calcareous 
rods  {pali),  which  are  separate  from  the  septa  (fig.  175).   There  may 
further  be  formed  between  the  lateral  surfaces  of  the  septa  processes 
of  calcareous  substance  as  interseptal  rods  or  horizontal  shelves 
(clissepimenta) :  also  on  the  outer  side  of  the  wall  of  the  theca  ribs 
(costce)  projecting  beyond  its  external  surface,  and  similar  dissepi- 
ments may  be  j)roduced  between  these. 


Fig.  173.— Calcareous  bodies  (SderodermHes)  of 
AlcTjonaria  (after  Kdlliker).  a,  of  Plexaurella. 
b,  of  Gorgonia.    c,  of  Alcyoniim. 
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The  important  diversities  of  form  in  the  polyp  stocks  are  not 
only  occasioned  by  the  differences  of  structure  of  the  skeleton  of  the 


Fig.  175.— Vertical  section 
through  the  cup  of  Cyathi- 
na  Cyathus  (after  Milne 
Edwards).  S,  Septa ;  P, 
pali ;  C,  columella. 

poljrp,  but  are  also  the 
resultant  of  varying 
methods  of  growth  by 

Fig.  174.— Vertical  section  through  a  polyij  of  Astroides  gemmation  and  imper- 
calycidaris  (after  Lacaze  Duthiers).  The  month  open- 
ing and  oesophageal  tube  are  seen  as  well  as  the  me- 
senteries fastened  to  the  same  ;  also  the  calcareous 
septa  between  the  mesenteries,  and  the  columella  of 
the  skeleton,  Sk. 

feet  fission.  According 
to  the  method,  nume- 
rous modifications  of 
branched  stocks  are  dis- 
tinguished, e.g.,  Maclre- 
2)ores  (fig.  176),  Oculi- 
nidcB  (fig.  177),  and  the 
lamellar  and  massive 
stocks  as  Astrcea  (fig. 
178)  and  the  Mcean- 
drinidce  (fig.  179). 

The  Anthozoa  are  all 
inhabitants  of  the  sea, 
and  live  mostly  in  the  warmer  zones,  but  certain  types  of  the  fleshy 


Fig.  176. — Madrepora  verm 
com  after  Ed.  H. 


Fig.  177.— Branch  of  Octi- 
lina  speciosa  (after  Ed . 
H). 
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Fig 


178— Ash 
Ehrbg.  (after  Kluuzinger). 


Octactinia  and  Actinia  are  distributed  in  all  latitudes.  The  polyixs 
which  build  banks  and  reefs  are  confined  to  a  zone  extending  about 
28  degrees  on  either  side  of  the  equator,  and  only  here  and  there 
extend  beyond  these  bounds.  They  live  for  the  most  part  near  the 
coivst,  and  produce  there  in  course  of  time  rocky  masses  of  colossal 
extent  by  the  accumulations  of  their  stony  calcareous  frameworks. 

These  masses  may  form  coral  reefs 
{atolls,  harrier  reefs,  fringing 
reefs),  which  are  perilous  to  ship- 
ping, and  may  also  become  the 
foundations  of  islands.  In  both 
cases  a  gradual  alteration  of 
level,  the  raising  of  the  bottom 
of  the  sea,  assists  the  work  of 
the  coral  animals.  The  presence 
of  the  coral  banks  in  the  deep 
sea  is,  on  the  other  hand,  due 
to  a  continual  sinking  of  the 
sea-bottom. 

The  part  which  the  Anthozoa  take  in  the  alteration  of  the  earth's 
surface  is  considerable.    In  the  present  time  they  protect  the  coast 

from  the  consequences 
of   the  breaking  of 
the  waves  and  assist 
in  the  formation  of 
islands  and  rocks  by 
producing  immense 
masses  of  calcareous 
matter.     In  earlier 
geological  epochs  they 
have   played   a  still 
more  important  part 
judging     from  the 
great    thickness  of 
the -coral  formations  of  the  Palaeozoic  period  and  of  the  Jurassic 
formation. 

Order  1. — Rugosa  =  Tetracoralla. 

Palceozoic  Corals  with  numerous  symmetrically  arranged  se2)ta, 
groujyed  in  multiples  of  four. 

To  these  belong  the  families  of  the  Cyathophyllido^,  Staurida^.,  etc. 


Fig.  n^.—Mceandi-ina  (Coeloria)  arabica  Klz.  (after  Klun- 
zmger) . 
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Order  2. — Alcyonaeia  =  Octactinia. 

Polyps  and  polyp  stocks  with  eight  plumed  tentacles  and  the  same 
member  of  uncalcified  mesenteric  folds. 

The  calcareous  secretions  of  the  so-called  cutis  lead  to  the  forma- 
tion of  fleshy  polyparia  or  of  friable  crusts  surrounding  an  axial 
skeleton,  which  is  sometimes  horny,  sometimes  calcareous  and  stony, 
or  of  rigid  calcareous  tubes  {Tuhipora).  In  all  cases  definite  cal- 
careous bodies,  the  sclerodermites,  form  the  foundation  of  the 
skeleton.  The  embryos  are  mostly  born  as  ciliated  larvae,  without 
mesenteries  or  tentacles.  The  separation  of  the  sexes  in  different 
individuals  is  the  rule  (fig.  172). 

1.  Fam.  Alcyonidae.  Fixed  polyp  stocks  without  axial  skeleton,  usually 
with  a  fleshy,  leathery  polyparium,  with  only  a  slight  deposition  of  calcareous 
matter  in  the  cutis.  The  colonies  arise  either  through  lateral  gemmation, 
when  they  form  lobed  and  ramified  masses,  c.r/.  Alcyonium  -jicdmatum,  Pall., 
digitatiim  L.,  or  the  individual  animals  are  connected  by  basal  buds  and  root- 
like processes,  e.g.,  Cornularia  crassa  Edw. 

2.  Fam.  Pennatulidae  (Sea  feathers).  Polyp  stocks,  the  naked  free  basis  of 
w^hich  is  embedded  in  sand  and  mud,  usually  with  horny,  easily  bent  axial 
skeleton.  There  are  small  sterile  polyps  as  well  as  the  sexual  animals.  The 
presence  of  an  opening  in  the  stem  for  the  ejection  and  reception  of  water  is 
worthy  of  remark.  The  animals  sometimes  are  placed  on  the  side  twigs  of  the 
stem,  and  the  polyparium  is  feather-like,  e.g.,  Pennatula  rubra  Ellis  ;  some- 
times they  are  distributed  on  all  sides  of  the  simple  stem,  c;.//.,  the  dioecious 
VeretiUiini.  cynomorium  Pall.  In  other  cases  the  polyparium  appears  flat  and 
shaped  like  a  kidney,  with  a  bulbous  root  without  an  axis,  Me/dlla  violacea 
Quoy.  Gaim.,  or  a  kind  of  umbel  is  formed  by  the  aggregation  of  the  polyps  at 
the  upper  end  of  a  long  stem,  Umhellula  Thomsonii  KoU. 

3.  Fam.  Gorgonidae.  The  fixed  colonies  possess  a  horny  or  calcareous  tree- 
like branched  axial  skeleton,  which  is  surrounded  by  a  friable  crust,  or  by  a 
softer  parenchyma  containing  calcareous  particles.  The  body  cavities  of  the 
individual  animals  communicate  by  branched  vessel-like  tubes  which  contain 
the  common  nutritive  fluid.  •  The  axis  is  either  horny,  flexible,  and  unjointed, 
as,  e.g.,  Gorgonia  verrucosa  Pall.,  (^Bkipidogorgia)  flabellum  L.,  or  composed 
of  alternating  horny  and  calcareous  segments,  as,  e.g.,  Isis  h'qqjuris  Lam., 
Melithcea  ochracea  Lam.,  or  stony  and  formed  of  calcareous  matter.  The  red 
coral,  Coralliwn  ruhrum  Lam.,  falls  under  the  last  head,  and  yields  the  coral 
stone  which  is  used  in  jewellery.  This  species  is  found  in  the  Mediterranean, 
on  the  rocky  coasts  of  Algiers  and  Tunis,  and  there  forms  an  important  object 
of  industry. 

4.  Fam.  Tubiporidae,  organ  coral.  The  poliparia  resembling  the  pipes  of  an 
organ.  The  animals  are  placed  in  parallel  calcareous  tubes  connected  by  hori- 
zontal plates.    Tuhipora  Heinprichtii  Ehrbg. 

Order  3. — Zoantharia  =  Hexactinia. 

Polyps  and  polyp  stocks,  whose  tentacles  usually  alternate  in  several 
circles,  and  are  either  six  or  some  multiple  of  six  in  number. 
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rhe  body  IS  seldom  quite  soft,  or  with  a  leathery  framework ;  as  a 
rule  It  has  a  calcareous  stony  polypaiium  with  radial  striations  ' 
Separated  sexes  are  the  rule,  but  hermaphrodite  polyps  (Actinia) 
axe  not  seldom  to  be  met  with.  The  polyps  very  generally  retain 
their  embryos  for  a  long  time,  so  that  they  are  born  eight  or  twelve 
rayed,  with  rudimentary  tentacles.  Many  give  rise  to  coral  reefs 
and  islands  (figs.  175—179). 

1.  AN-nPATHAEiA.    Mostly  with  only  six  tci.tacleH,  and  horny  skeletal  axis 

bam.  AntipathidsB.    Polyp  stocks  with  soft  non-calcareous  body,  but  with 

simple  or  branched  axial  skeleton.    Only  six  tentacles  surround  the  mouth  e  a 
AntqmthcK  Pall.  '  '*''' 

2.  ACTINIARIA,  with  no  hard  structure. 

Fam.  Actinidse,  with  soft  body ;  sometimes  single  animals  with  several 
alternating  circles  of  tentacles,  Actima  L. ;  sometimes  connected  in  stolons 
and  aggregated  to  form  stocks,  Zoanthm  Cuv.  The  former  are  able,  by  means  of 
theu-  contractile  foot,  to  leave  their  place  of  attachment  and  to  move  freely 
Many  reach  a  relatively  considerable  size,  and  possess  beautiful  coloui-s.  Under 
the  name  of  sea  anemones  they  are  the  ornaments  of  salt  water  aquaria. 
Actinia  viescmhryanthenmin  L.  The  skin  sometimes  secretes  a  glutinous  mass 
filled  with  nematocysts  or  a  kind  of  membrane,  CeriantJim  Delle  Ch. 

3.  Madeeporaria  with  continuous  hard  calcareous  skeleton. 
(a)  Apo7uisa. 

Fam.  Turbinolidae.  Mostly  single  polyps  with  compact  calcareous  frame- 
work, imperforate  theca;,  and  well  developed  septa,  the  spaces  between  which 
are  open  to  the  bottom.  Turhlmlia  Lam.,  Flahelhmi  Less.,  CaryophylUa 
Lam.,  C.  cjiathm  Lam.,  BlastotrocMis  Ed.  H. 

Fam.  Oculinidae.  Polyp  stocks  mth  hard  usually  branched  polyparium,  with 
coenenchyma  rich  in  calcareous  matter,  and  but  few  septa  in  the  cup  of  the 
individual.  Oculina  ■cirginea  Less.,  Indian  Ocean.  AwjjJiiJieliu  ocnlata  L., 
white  corals  of  the  Mediterranean.  ' 

Fam.  Astraeidae,  Star  corals,  Mostly  massive  polyp  stocks  with  fused  thecae, 
and  without  coenenchyma.  The  septa  have  sometimes  cutting  edges,  sometimes 
toothed  edges.  The  interseptal  spaces  are  filled  with  horizontal  partition  walls. 
EusmiUa  Edw.  The  single  animals  are  produced  by  fission  and  remain 
connected  only  at  their  bases.  They  produce  a  cespitous  polyparium,  the 
septal  edges  of  the  cup  being  cutting.  Galaxea  Oken.  The  single  cups  arise 
by  gemmation,  are  fi-ee  at  the  upper  edge  ;  the  septa  have  cutting  edges.  Astra-a 
Lam.,  single  cups  fused  throughout  the  entire  wall.  The  septal  edges  of  the 
cup  are  jagged.  Mcsandri/ia  Lam.,  the  neighboming  cups  fused  to  form  long 
valleys.    31.  Crassa  Edw.  H. 

Fam.  Fungidae.  Mushroom  corals.  Usually  with  large  flat  single  cups,  some- 
times polyp  stocks  ;  without  thec^,  with  numerous  strongly  developed  septa, 
toothed  and  connected  by  synapticulas.  Ftmgia  disetis  Dana.,  Halomitra 
Dana.,  LopliuHcris  Edw.  H. 

(&)  Perforata. 

Fam.  Madreporidae,  Madrepores.  Polyps  and  polyp  stocks  with  porous 
coenenchyma  and  perforated  thecse.  Gastric  cavity  open  at  the  bottom  and 
communicating  with  the  central  canal  in  the  axis  of  the  branched  polyparium. 
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Septa  but  slightly  developed.  Madrejjova  cervioorms  Lara.,  De,i(lvoj)nyllia 
mmca  Edw.,  Mediterranean,  Astroides  cahjcularls  Pall. 

CLASS  IL— POLYPOMEDUS^.*  [HYDEOZOA.] 
Fohjjos  loithoiit  ceso2}hagecd  tube,  with  simple  gastrovascular  cavity. 
The  generative  elements  are  developed  in  medusoid  forms  which  may 
be  either  free-sioimming,  or  permanently  atlached  to  hydroid  forms. 

This  class  includes  the  small  polyps  and  polyp  stocks,  and  the 
Medusce  which  form  the  sexual  generation.  The  FolyiMmedusm 
have  always  a  simpler  structure  than  the  Anthozoa  to  which  they 
are  also  usually  infe- 
rior in  size.  They 
lack  oesophagus, 
septa,  and  gastrovas- 
cular pouches.  Only 
the  polyps  of  the  a- 
sexual  generation  of 
the  ScyphomedusEe 
[Acraspeda],  known 
as  Scyjohistoma,  pos- 
sess a  remnant  of 
the  gastric  folds  as 
four  gastric  ridges 
from  which  filaments 
are  developed.  The 
polyp  stocks  develop 
in  rare  cases  (Mille- 
poridce)  a  compact 
calcareous  framework 
comparable  to  the 
polyparium.  When 
skeletal  formations 
are  present  they  con- 
sist as  a  rule  of  more 
or  less  horny  secre- 
tions of  the  ectoderm, 
which  as  dehcate 
tubes  svirround  the  stem  and  its  ramifications,  and  sometimes  form 
small  cup-like  structures  suri'ounding  the  polyp,  and  known  as 

*  Escholtz,  "System  der  Acalephen,"  Berlin,  1829.  Th.  Huxley,  '•Memoir 
on  the  Anatomy  and  Affinities,  of  the  Medusae,"  Phil.  Traits.,  London,  1849, 


Fig.  180  a. — Branch  of  an  Obelia-stock  (0,  geJatinosa).  0, 
Mouth  of  a  nuti'itive  polyp  with  extended  tentacles.  M, 
Medusa  buds  on  the  body  of  a  proliferous  polyp  (blasto- 
style)  ;  Tk,  bell-shaped  cup  (theca)  of  a  nutritive  polyp. 
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alsoT  T         T''^-    ^  ''"^        mesoderm  lamella  is 

als  enveloped  .n  the  inteno.  of  the  body  wall,  between  the  ectodem 
and  the  endodenu.  Tins  serves  to  support  the  soft  parts  of  the 
animal  and  in  the  3fedusce,  is  in  part  represented  by  the  gelatinous 
connective  tissue  of  the  disc. 

The  Medusa  (fig.  180  b)  is  without  doubt  morphologically  higher 
than  the  Polyp,  since  it  represents  the  mature  sexual  individual 

T  '   tr'  f  '^'^  ^^'^"^'^^^        vegetative  functions! 

Ihe  Medusa,  in  correspondence  with  its  power  of  free  locomotion 
possesses  an  ectodermal  nervous  system  and  sense  organs  The 
nervous  system  consists  of  nerve  fibres  and  ganglion  cells,  and  is 
usually  specially  concentrated  round  the  edge  of  the  disc,  where  it 

forms  a  double  ring  of 
fibres  running  parallel 
to  the  circular  vessel. 
The  sense  organs  are  the 
so-called  marginal  bodies. 
The     generative  pro- 
ducts of  the  Medusae 
either  have  theii-  origin 
in    the    ectoderm,  in 
which  case  they  may  be 
developed  on  the  under 
surface  of  the  disc  (sub- 
umbrella)  in  the  ecto- 
derm  immediately  un- 
derlying   the  radial 
canals  {Eucojndo}),  or  in 
the    ectoderm    of  the 
manubrium  {Oceanidce) ;  or  they  may  arise  from  the  endoderm  of 
the  under  surface  of  the  umbrella  (>SG7/2)homedusce). 

Both  Polyps  and  Medusa?  frequently  remain  at  a  lower  grade  of 
morphological  differentiation,  the  former  becoming  pol}^oid  appen- 
dages, the  latter  medusoid  buds  enclosing  the  generative  products. 
In  either  case  they  are  situated  on  the  stem  or  on  some  part  of  the 
Polyp.  The  individuality  of  such  appendages  appears  limited ;  the 
medusoid  or  polypoid  animal  sinks,  physiologically  speaking,  to  the 
value  of  a  portion  of  the  body  or  of  an  organ,  while  the  entire  stock 

L.  Agassiz,  "  Contribution  to  the  Natural  History  of  the  United  States,  Aca- 
lephffi  vo.  iii.,  1860,  vol.  iv.,  18(>2.  E.  Haeokel,  "(System  der  Medusen." 
Tom.  I.  and  II.,  Jena,  1880  and  1881. 


Fig.  180  i.— Free  Medusa  of  Olielia  gelatinosa,  as  yet 
without  generative  organs ;  g,  auditory  vesicles. 
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approaches  more  nearly  to  a  single  organism.  The  more  completely 
polymorphism  and  division  of  labour  are  impressed  upon  the  polypoid 
and  medusoid  appendages,  so  much  higher  becomes  the  unity  of  the 
whole  which  is  morphologically  a  colony  of  animals.  In  these  cases 
it  is  often  difficult  to  distinguish  between  budding  and  simple  growth. 

For  a  long  time  it  was  considered  as  a  remarkable  circumstance, 
hardly  admitting  of  a  satisfactory  explanation,  that  organisms  which 
differed  so  widely  as  Polyps  and  Medusje— they  had,  indeed,  been 
systematically  separated  as  different  classes— should  only  form  dif 
ferent  stages  in  the  life-history  of  a  single  cycle  of  development  and 
thus  be  united  in  the  closest  genetic  connection.  The  theory  of 
"Alternation  of  Generations"  contained  only  a  description  of  the 
matter,  and  offered  no  explanation.  The  discovery  of  the  mode  of 
origin  of  the  Medusa  as  a  bud  on  the  body  of  the  Polyp  first 
clearly  demonstrated  the  direct  relation  of  the  two  forms,  for  it 
proved  that  the  Medusa  is  a  flattened,  disc-shajyed  Polyp  with  a 
shallow  hut  loide  gastric  cavity,  the  peripheral  part  of  which  has, 
hy  the  fusion  of  its  U2}per  and  lower  walls  along  four,  six,  or 
eight  radiating  areas,  become  divided  into  the  vascular  pouches 
{gastric  pouches),  or,  as  they  are  called,  radial  canals,  which 
correspond  to  the  gastrovascular  pouches  of  the  Anthozoa.  The 
differences  consist,  in  connection  with  the  discoidal  form,  mainly  in 
the  position  of  the  gastric  tube  as  an  external  appendage,  the  manu- 
brium, and  in  the  great  reduction  in  height  of  the  radially  extended 
septa  (mesenteries),  which  are  traversed  by  a  layer  of  endoderm  cells, 
the  vascular  or  endoderm  lamella.  This  layer  is  derived  from  the 
fusion  mentioned  above  of  the  aboral  with  the  oral  layer  of  the 
endoderm  of  the  peripheral  part  of  the  gastro-vascular  cavity.  At 
the  same  time  the  oral  disc  becomes  enlarged  and  concave  to  form 
the  cavity  of  the  bell,  the  ectodermal  lining  of  which  gives  rise  to 
the  muscles  of  the  subumbrella.  The  supporting  SLibstance  of  the 
arched  (after  it  is  freed  from  its  attachment)  aboral  surface  of  the 
disc  becomes  very  much  thickened  and  gives  rise  to  the  gelatinovis 
substance  (mesodei-mic),  which  sometimes  contains  cells ;  while  that 
of  the  oral  surface  keeps  the  character  of  a  thin  but  firm  lamella,  and 
serves  as  a  support  for  the  muscles  on  the  under  surface  of  the  disc. 
The  tentacles  accordingly  ai-ise  near  the  edge  of  the  disc,  and  become 
the  marginal  tentacles  of  the  Medusa.  In  addition  to  these,  four 
simple  or  branched  oral  appendages  appear  as  outgrowths  from  the 
manubrium. 

In  addition  to  the  sexual  reproduction,  asexual  multiplication  is 
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Widely  distnbuted,  especially  ainongst  the  polypoid  forms,  in  which 
It  leads  to  the  formation  of  polymorphous  animal  stocks.  The  two 
torms  of  reproduction  alternate  for  the  most  part  in  regular  order 
so  as  to  produce  different  generations.  There  are,  however,  Meclusc^ 
{Aeyznopsis,  Pelacjia)  which  proceed  without  alternation  of  genera- 
tions and  develop  directly  from  the  ovum  by  continuous  development 
with  metamorphosis;  but,  as  a  general  rule,  the  egg  of  the  Medusa 
(pliaiiero-codonic  gonophore)  or  the  medusoid  generative  bud  (adelo- 
codonic  gonophore)  produces  a  Polyp,  and  this  Polyp  either  at  once 
by  transverse  fission  {Scyphomedusoe),  or  later,  after  a  longer  period 
of  growth,  in  which  a  sessile  or  free-swimming  polyp  stock  is  pro- 
duced, gives  rise  to  a  generation  of  free-swimming  Medusae,  or  of 
medusoid  buds  which  never  become  separate  from  the  polyp 'stock. 
The  Hydromedusse  feed  entirely  on  animal  substances,  and  for  the 
most  part  ai-e  inhabitants  of  the  warmer  seas.  The  free-moving 
Medusce  and  Siphonophora  are  phosphorescent. 

Order  1. — Hydromedus^.='= 

Colonml forms,  the  individual  Polyjis  of  which  are  without  msojihageal 
tube  or  mesenteric  folds.  The  sexual  generation  has  the  form  either 
of  small  free-swimming  Medusce  provided  with  a  velum  {Crasjjedote 
Medusce)  or  of  medusoid  generative  buds  {rudimentary  Medusoi) 
which  remain  attached  to  the  hyclroid  colony. 

The  Polyps  and  polypoid  forms  are  the  asexual  individuals.  They 
form  small  moss-  or  tree-like  stocks  which  are  frequently  surrounded 
by  chitinous  or  horny  tubes  (cuticular  skeleton).  These  exoskeletal 
structures  may  become  extended  into  cup-like  hydrothecse  surrounding 
the  individual  Polyps.  The  stem  and  ramified  branches  [ccenosark] 
contain  a  central  canal  which  communicates  with  the  gastric  space  of 
each  individual  Polyp  and  polypoid  appen&age  and  contains  the 
common  nourishing  fluid. 

The  Polyps  have  no  oesophageal  tube,  and  the  ciKated  gastric 
cavity  is  undivided  by  mesenteries.  As  a  rule,  the  ectoderm  and 
entoderm  remain  simple,  and  are  only  separated  by  a  thin  interposed 
supporting  lamella  which  does  not  contain  cells.  The  presence  of 
elongated  muscle  fibres  as  processes  of  the  ectodermal  epithelial  cells 
is  very  general  {Hydra,.Podocoryne).    These  muscles  may,  however, 

*  L.  Agassiz,  "  Contributions  to  the  Natural  History  of  the  United  States  of 
America,"  vol.  ii. — iv.,  1860—1862.  G.  J.  Allnian,  "A  Moro.ffraph  of  the 
Gymnoblastic  or  Tubularian  Hydroids,"  vol.  i.  and  ii.,  London,  1871  aud  1872. 
N.  Kleinenberg,  "  Hydra,"  Leipzig,  1872.  0.  and  E.  Hertwig,  "  Das  Nerven- 
system  und  die  Sinnesorgane  der  Medusen,"  Leipzig,  1878. 
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be  separated  as  an  independent  layer  of  nucleated  fibre  cells  below 
the  epitheliixm. 

The  Polyps  are  not  invariably  alike,  proliferous  Polyps  (or 
Blastostyles)  being  frequently  found  as  well  as  the  nutritive  ones.. 
The  proliferous  Polyps  develop  generative  buds  on  their  walls.  The 
sterile  Polyps  may  differ  from  one  another  in  the  number  of  tentacles- 
and  in  their  entire  form,  so  that  different  kinds  of  individuals  may 
be  found  on  a  single  stock.  Thus  we  find  the  polymorphism  of  the- 
Siphonophora  foreshadowed  amongst  the  Flydroidea  {Fodocoryne^ 
Phbmularia). 

The  generative  products  are  only  exceptionally  developed  in  th& 
Pol}'^  body  itself,  in 
which  case  they  are 
produced  in  the  ecto- 
derm [Hydra).  This 
exception  is  probably 
to  be  looked  upon  as 
an  extreme  case  of 
degeneration  of  a 
medusoid  bud.  As  a 
rule  the  generative 
products  are  de- 
veloped in  special 
medusoid  buds  [gono- 
phores]  formed  from 
both  cell-layers. 

In  the  most  simple 


cases  the  budding  in- 
dividuals of  the  sexual 
generation  contain  a 


Fig.  XSl.—Podoeoryne  caniea  (after  C.  Grobben).  P,  Polyp  y. 
M,  Medusa  bud  on  the  proliferating  polyp ;  S,  spiral- 
zooid;  Sk,  skeleton  Polyp  (compare  the  free  Medusa, 
fig.  154). 


diverticulum  of  the 
gastric  cavity  of  the 

polyp-shaped  parent  or  of  the  axial  cavity  of  the  hydroid  stock.  The 
generative  products  become  accumulated  around  this  diverticiilum 
{Hydractinia  echinata,  Clava  squamata).  In  a  more  advanced 
stage  we  find  a  mantle-like  envelope  enclosing  the  bud,  and  con- 
stituting the  rudiment  of  the  umbrella,  with  a  continuous  vascular 
lamella  or  with  more  or  less  developed  radial  vessels  {Tuhularia 
coronata,  Eudendrmm  ramosum,  Van  Ben.)  Finally,  at  the  highest 
stage,  the  buds  develop  into  small  Medusfe  {Campamdaria  gelatinosa 
van  Ben.,  Sarsia  tuhidosa),  which  become  free,  and  sooner  or  later, 
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often  only  after  a  long  period  of  free  life,  in  which  they  become 
much  larger  and  undergo  a  metamoi-phosis,  reach  sexual  maturity. 

The  Medusie  belonging  to  the  order  Hydromedusie  are,  with  but 
few  exceptions,  distinguished  from  the  Acalephce  (Scyphomedus*) 
by  their  smaller  size— although  certain  forms,  for  example  Aequorea, 
may  attain  such  a  size  as  to  have  a  diameter  of  more  than  a  foot— and 
by  their  simpler  organization.  The  number  of  their  radial  vessels  is 
smaller  (4,  6,  or  8),  their  sense  organs  (marginal  bodies)  are  not 
covered  by  folds  of  membrane  (hence  GymnojMhalmata  Forbes),  and 
they  have  a  muscular  velum  (hence  Craspedota  Gegenbaur)  (fig.  182). 
The  generative  products  are  always  formed  fi'om  the  ectoderm  and 
originate  on  the  wn.lls  of  the  radial  canals  or  of  the  manubrium,  but 

never,  as  in  the  AcalepJui, 
in  diverticula  of  the  gastric 
cavity. 

The  hyaline  gelatinous 
substance  of  our  Medusaj 
is,  as  a  rule,  structureless, 
and  contains  no  cellular 
elements  ;  there  may,  how- 
ever, be  fibres  running  per- 
pendicularly through  it 
{Lirio2)e).  These  fibres  are 
probably  derived  from 
cell  processes  of  the  ecto- 
derm and  entoderm,  and 
have  arisen  contemporane- 
ously with  the  gelatinous 
disc,  which  is  itself  to  be 
looked  upon  as  an  excretion 
product  of   the  adjoining 

ectoderm  and  entoderm  epithehum. 

The  nerve-ring  is  placed  at  the  edge  of  the  disc  at  the  point  of 
insertion  of  the  velum.  It  is  covered  by  a  sense  epithelium  com- 
posed of  small  cells  bearing  sense  hairs,  and  has  the  form  of  a  double 
fibrous  cord  containing  ganglion  cells.  The  larger  upper  nerve-ring 
runs  above  the  velum,  Avhile  the  weaker  nerve-ring,  on  the  other 
hand,  is  placed  below  it.  The  lower  nerve-ring  is  composed  of  larger 
fibres  and  larger  ganglion  cells  ;  bundles  of  fibrillfe  pass  off  from  it 
to  supply  the  muscles  of  the  velum  and  subumbrella,  where  they 
form  a  sub-epithelial  plexus  interspersed  with  ganglion  cells,  between 


Ov  Ob 

Pig.  182. — Plduladiuni  cajvai/ie  rejireseuted  from  the 
underside  of  the  umbrella.  T',  Velum  ;  O,  mouth ; 
Oo,  ovary  ;  Oh,  auditory  vesicle ;  Rf,  tentacles  on 
the  margin  of  the  disc ;  Rw,  marginal  .swellings. 
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the  muscular  epithelium  and  the  fibrous  layer.  The  ganglion  cells  in 
the  upper  nerve-ring  are  smaller,  and  the  fibrillte  given  off  from  it 
pass  to  the  tentacles.  The  fibrill*  of  the  sense  nerves  may  be  derived 
from  both  rings.  The  margined  bodies  have  long  been  recognised  as 
sense  organs,  and  are  either  eye  spots  (ocelli)  or  auditory  vesicles ; 
hence  the  Hydroviedusce  may  be  divided  into  two  groups,  the  Ocellata 
or  Vesiculata. 

In  the  Vesiculata  the  auditory  vesicles  are  situated  at  the  edge  of 
the  under  side  of  the  umbrella,  and  contain  one  or  more  concretions 
{otolith)  which  are  formed  in  the  interior  of  cells.  Peculiar  sense  cells 
surround  each  vesicle-like  cell  containing  a  concretion.  The  curved 
hairs  of  these  sense  cells  (auditory  hairs)  are  in  contact  with  the  con- 
cretion vesicle.  A  nerve  fibrilla  enters  the  basis  of  the  auditory 
cells  (fig.  183). 

The  audi- 

^  -^^  tory  organs 

of  the  Tra- 
chymedusce 
are  placed 
above  the 
velum,  and 
are  in  con- 
nection with 
the  upper 
nerve  ring ; 
they  have 
the  form  of 

small  projecting  tentacles  furnished 
with  otoliths  and  auditory  hairs.  The 
tentacle  may  either  project  freely  on 
the  surface  {Trachynema),  or,  as  in 
Geryonia,  it  may  be  placed  in  a  vesicle 
(fig.  184)  which  lies  in  the  gelatinous  substance  of,  the  disc  and  close 
to  the  edge  of  the  latter. 

Separate  sexes  are  almost  invariably  the  rule,  but  it  is  rare  to 
find  that  the  colonies  are  dioecious,  i.e.,  that  male  and  female 
medusoids  are  developed  in  difierent  colonies  (Tubularia).  Gemma- 
tion has  occasionally  been  observed  among  the  Medusoi  {Sarsia 
prolifera)  and  division  {StomobracMum  mirabile).  The  larvje  of 
Cunina,  which  are  parasitic  on  the  Geryonidce,  may  also  there  give 
rise  to  a  cluster  of  buds. 


Fig.  183.— Sense  organ  on  the 
nerve-ring  and  circular  vessel 
of  Octorchis  (after  O.  and  R. 
Hertwig).  Sb,  Sense  organ; 
O,  O',  two  otoliths ;  Hh,  audi- 
tory cilia  ;  Hz,  auditory  cells  ; 

upper  nerve-ring  ;  Rg,  cir- 
cular vessel.  (T^^De  of  the  audi- 
tory organ  of  the  Vesimilata.) 


Fig.  184. — Auditoiy  vesicle  of  Gery- 
onia (Car marina),  seen  from  the 
sm-face  (after  O.  andR.  Hertwig). 
-ZV"  and  iV',  The  auditory  nerves  ; 
Ot,  otolith  ;  Sz,  auditory  cells ; 
Hh,  auditory  cilia  (type  of  the 
auditory  organ  of  the  Trachy- 
meduscB) . 
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The  development  of  the  ovum,  which  is,  as  a  rule,  naked  {i.e.,  with- 
out a  Wtelline  membrane),  has  hitherto  only  been  completely  followed 
out  in  a  few  cases.  In  every  case  the  segmentation  seems  to  Ije  com- 
plete, and  leads  to  the  formation  of  a  segmentation  cavity  and  a 
single-layered  blastoderm  [a  single-layered  Ijlastosphere].  The 
latter  gives  rise  to  a  second  endodermal  layer  of  cells,  which  lines 
the  segmentation  cavity.  The  segmentation  cavity  thus  becomes 
converted  into  the  gastric  cavity  of  the  future  polyp.  The  spherical 
or  oval  larva  now  either  attaches  itself  and  gives  rise  by  budding 
to  a  small  hydroid  stock,  or  swims  freely  and  develojjs  directly  into 
a  small  Medusa  {Trachymedusce). 

The  Medusa,  after  becoming  free,  usually  undergoes  a  more  or  less 
fundamental  change  of  form,  which  concerns  not  only  the  alteration 
caused  by  the  enlai-gement  of  the  umbrella  and  manubrium,  but  also 
the  increase,  according  to  definite  laws,  of  the  marginal  tentacles, 
sense,  organs  {Tima),  and  the  radial  canals  {Aequorea).  We  must 
remark,  however,  that  the  sexually  complete  Meduste  exhibit  very 
considerable  variations  in  size,  number  of  sense  organs  and  tentacles 
{Phyalidimn  variahile,  Clythia  voluhilis). 

The  difficulty  of  systematic  arrangement  is  augmented  by  the  fact 
that  closely  allied  Polyp  stocks  can  produce  different  sexual  forms. 
Thus,  for  example,  Monocaulus  gives  rise  to  sessile  generative  buds 
and  Corymorpha  to  free  Medusce  (Steenstrupia).  Medusae  of  identical 
structure  also,  which  one  would  place  in  the  same  genus,  may  form 
the  sexual  generations  of  hydroid  stocks  belonging  to  different 
families  {isogonism).  Thei-e  are  also  cases  in  which  we  find  IfeduscB 
of  closely  allied  genera,  some  developed  from  hydroid  stocks  by  an 
alternation  of  generations,  and  others  developed  directly.  Hence 
it  appears  just  as  little  satisfactory  to  found  a  classification  entii'ely 
upon  the  sexual  generations  as  to  pay  attention  to  the  asexual 
generation  alone. 

(1)  Sub-order:  Eleutherohlasteai.  Simple  hydroid  Polyps  without 
medusoid  buds ;  both  generative  products  are  developed  in  the  body- 
wall  of  the  Polyp. 

Fam.  Hydroidae.  Hijdra,  the  fresh- water  Polyp.  H.  riridis  L..  H.fvsca  L.. 
remarkable  for  great  powers  of  reproduction. 

(2)  Sub-order :  Hydrocorallice.  Coral-like  hydroid  stocks  with  cal- 
careous coenenchyma  and  tubular  hydrothecse  opening  to  the  exterior 
by  pores.  Some  of  these  contain  the  larger  nutritive  animals,  while 
others  contain  animals  without  a  mouth  and  beset  with  tentacles. 
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The  latter  are  arranged  usually  in  the  form  of  a  circle  round  each 
of  the  nutritive  animals.   The  polyparia  are  found  in  the  fossil  state. 

Fam.  Milleporidae.    Millt'pora  L.    M.  alcicovmn  L. 
Faiu.  Stylasteridse. 

(3)  Sub-order:  Tuhularice  (Ocellata).  Polyp  stocks  which  are 
either  naked  or  clothed  by  a  chitinous  periderm  without  cup-shaped 
hydrothecfB  surrounding  the  polyp  head.  The  generative  buds 
arise  on  the  body  of  the  Polyp  or  on  the  stock.  The  Medusce  which 
are  set  free  belong  to  the  genera  Oceania,  Sarsia,  etc.,  and  have 
ocelli. 

Fam.  Clavidae.  Polyp  stocks  with  a  chitinous  periderm.  Polyp  club-shaped, 
with  scattered,  simple,  filiform  tentacles.  The  generative  buds  arise  on  the 
Polyp  body  and  for  the  most  part  remain  sessile.  Cordylopliora  AUm.  The 
stock  is  branched ;  there  are  stolons  which  grow  over  external  objects.  Oval 
gonophores  covered  by  the  perisarc.  The  animals  are  dioecious.  In  fresh 
water — C.  lacustri^  A\\m.  Alhieola  Kirchp.,  Elbe,  Sclileswig.  The  foUovdng 
are  marine  genera —  Clara,  0.  Fr.  Miiller.  Allied  are  the  EiulcndrklcB  with 
Elide ndrlwrn  Tamomm.  L. 

Fam.  Hydractinidse.  Polyp  stocks  with  iiat  extended  coenenchyma  and 
firm  encrusted  skeletal  excretions.  The  Polyjis  are  club-shaped,  with  a  circle 
of  simple  tentacles.  In  addition  to  the  latter  there  are  large  tentacle-shaped 
Polypoids  (Spiralzooids).  HtjdraGtinia  van.  Ben.  The  medusoid  buds  sessile 
on  the  proliferous  animals,  which  are  without  tentacles.  II.  Ecli'mata  Flem. 
Podocoryiic  Sars.  (fig.  181).  The  generative  buds  are  freed  as  OemnidcB. 
P.  oarnea  Sars. 

Fam.  Tuhularidse.  Polyp  stocks  clothed  with  a  chitinous  periderm.  The 
polyps  possess  a  circle  of  filiform  tentacles  on  the  proboscis  inside  the 
external  circle  of  tentacles.  The  generative  buds  arise  between  the  two  circles 
of  tentacles.  Tulmlaria  L.  The  hydroid  stocks  form  creeping  root-like  branches 
at  the  bottom,  from  which  arise  simple  or  branched  twigs  with  the  terminal 
.polyp  heads  ;  the  generative  buds  are  sessile.  T.  (^ThamnocnuUa  Ag.)  coronata 
Abilg.  dioecious.  Cornmorplm  Sars.  The  stalk  of  the  solitary  polyp  is  clothed 
with  a  gelatinous  periderm,  attaches  itself  by  root-like  processes,  and  con- 
tains radial  canals  which  lead  into  the  wide  digestive  cavity  of  the  Polyp- 
head.  The  fi-eed  Mi'dnm.  is  bell-shaped,  wdth  one  mai'^inal  tentacle,  and 
bulbous  swellings  at  the  end  of  the  other  radial  canals.  C.  nutans  Sars.,  C. 
nana  Alder. 

(4)  Sub-order:  Cam/xmMfeWce  (Vesiculata).  The  chitinous  skeletal 
tubes  widen  out  round  the  Polyp-head  to  form  cup-like  hydrothecte. 
The  Polyp-head,  the  oral  cone  (proboscis),  and  tentacles  can  be  in 
most  cases  completely  retracted  into  these  hydrothecte. 

The  generative  buds  arise  almost  regularly  on  the  walls  of  the 
proliferous  individuals,  which  have  neither  mouth  nor  tentacles. 
The  buds  are  sometimes  sessile,  and  sometimes  become  separated  off 
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as  small  vesiculate  Medusce,  with  generative  organs  on  the  radial 
canals  {Eucojmlce,  Geryonojjsidce,  Aefjuoridcn). 

Fam.  Plumularidae.  The  liydrotliccas  of  the  branched  hydroid-stocks  are 
avrangod  in  siiinle  rows  ;  those  of  the  nutritive  Polyp  have  small  accessory 
calyces  filled  with  nematocysts  (nematocalyces),  Plumularia  orixtafa  Lam.. 
Antcnnular  'Hi,  (tiitcniiinu.  Lam. 

Fam.  SertularidsB.  Branched  Polyp  stocks,  the  Polyps  of  which  pr.jject  in 
flask-shaped  hydrotheciu  on  opposite  sides  of  the  stem.  BijiMmmui  puinila  L.. 
Sertularia  ahicttiut,  i-vjrrrxs i /m  L. 

Fam.  Campanularidse-Eucopidae.  The  cup-shaped  hydrothecse  are  placed  at 
the  end  of  ringed  stalks.  The  Polyps  possess  a  circle  of  tentacles  below  their 
conical  proboscis.  Campa/iularia  Lam,  The  proliferous  individuals  are 
situated  on  the  branches  and  ffive  rise  to  free  MrduHoi,  bell-shaped,  with  a 
short^  manubrium  with  four  lips,  four  radial  canals,  the  same  number  of 
marginal  tentacles,  and  eight  inter-radial  marginal  vesicles.  After  separation 
the  inter-radial  tentacles  are  formed.  C.  (  (Jlijthia)  Johndoni = volubiUs  Johnst., 
probably  with  Eiuuqn:  variahilu  Cls.  Ohelia  P6r.  Les.,  is  distinguished  from 
Campanularia  by  its  Medusta;.  These  are  flat,  disc-shaped  Medusce  with 
numerous  marginal  tentacles,  but  with  eight  inter-radial  vesicles.  0.  dichotoma 
L.  =  CC}.imjmm/laria  f/elatimsa  van  Ben.),  C.  r/enictdata  L.,  Laomt-dm  L&mx. 
The  generative  buds  remain  sessile  in  the  hydrotheca  of  the  proliferous  polyps. 
X.  calicidata  Hincks. 

Fam.  Aequoridae.  Meduftce  with  numerous  radial  vessels  and  marginal  tentacles. 
Aequorea  Forsk.  The  Gcrijoiiopsidrs  are  allied  here.  OctorchiK  E,  Haeck. 
Tima. 

(5)  Sub-order :  Trachymedusce.  Meditsce  with  firm,  gelatinous 
umbrella,  supported  by  cartilaginous  ridges  with  stiff  tentacles  filled 
with  solid  rows  of  cells ;  these  may  be  confined  to  the  young  stage 
(larvse  of  Geryonidm).  Development  by  metamorphosis  without 
hydroid  asexual  individual. 

Fam.  Trachynemidae,  with  stiflE  marginal  tentacles,  which  ai'e  scarcely  capable 
of  motion.  The  genital  organs  are  developed  on  vesicle-like  swellings  of 
the  eight  radial  canals.  Tracliynema  ciliatum  Ggbr.  I{Jiopulo)u:ma  vclatum 
Ggbr.,  Messina. 

Fam.  Aeginidae.  The  hard  cartilaginous  umbrella  has  a  flat,  discoid  shape. 
The  extended  digestive  cavity  has  pouch-like  enlargements  in  place  of  the 
radial  vessels.  The  circular  vessel  is  usually  reduced  to  a  row  of  cells. 
Cunina  albescens  Ggbr.,  Naples.    Acgineta  flavescens  Ggbr. 

Fam.  Geryonidse,  Umbrella  with  cartilaginous  mantle  ridges  and  f  om*  or  six 
hollow  tube-shaped  marginal  tentacles.  The  manubrium  is  long,  cylindrical, 
or  conical,  with  a  proboscis-like  oral  portion,  and  four  or  six  canals  which  lead 
into  the  radial  canal.  The  generative  organs  lie  on  the  radial  canals  ;  eight  or 
twelve  marginal  vesicles.  Liriope  Less.,  with  foui'  radial  canals,  four  or  eight 
tentacles  and  eight  vesicles.  L,  tctraphijlla  Cham.,  Indian  Ocean.  Gcryonm 
P6r.  Les.,  with  six  radial  canals  without  lingual  cone.    G.  nvihrJhi  E.  Haeck., 

Carmarina  E.  Haeck.,  with  six  radial  canals  and  a  lingual  cone,  E.  Haeck. 

C.  hastata,  Nice. 
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Order  2. — Siphonophora.* 

Free-sioimming  polymorphous  hydroid-stocJcs  with  contractile  stem, 
luith  polypoid 
nutritive  indi- 
viduals and 
medusoid  huds, 
usually  also 
toith  nectocaly- 
ces,  hyrophyllia 
and  dactylo- 
zooids. 

Morphologi- 
cally the  Si2)ho- 
nophora  are 
dii-ectly  allied 
to     the  hy- 
droid-stocks ; 
but  they  possess 
to    a  much 
greater  extent 
than  the  latter 
the  characters 
of  individuals, 
in  consequence 
of   the  highly 
developed  poly- 
morphism of 
their  polypoid 
and  medusoid 
appendag  es. 
The  functions 
of   the  latter 
seem   so  inti- 
inately  con- 
nected and  are 
so  essential  for 
the  preserva- 


FiG.  185.— Diagi-am  of  a  colony  of  Physophorkla.  Si,  Stem;  Ek, 
ectoderm;  En,  entoderm;  Pn,  Pneumatophor ;  Sk,  nectoc'alyx 
being  budded  off;  S,  nectocalyx ;  D,  hydrophyllium ;  G,  gono- 
phore ;  T,  dactylozooid  ;  8f,  tentacle  ;  P,  polyp  ;  O,  mouth  of  the 
latter  ;  JV^-,  battery  of  nematocysts. 


tion  of  the  entire  colony  that  we  may  regard  each  colony  of  Sipho- 

-  I*p?wlf  Kollikei-,  C   Vogt,  Hnxley  and  others,  compare  C.  Gesenbaur 
LeobachtuDge.i  uber  Siphonophoren,"  ^idtxohrift  flir  wh..  ZoolTlSl  C. 
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nophora  pliysiologically  as  an  organism  and  its  appendages  as 
organs.  In  this  connection  we  may  mention  that  the  sexual  medu- 
soid  generation  is  so  little  independent  that  it  only  exceptionally 
{Velellidce)  reaches  the  morphological  grade  of  the  free-swimming 
Medusa. 

In  place  of  the  attached  and  ramified  hydroid -stocks  we  find  in 

the  iSiphonophora  a  free-swimming  con- 
tractile unbranched  stem  (hydrosoma), 
which  is  rarely  provided  with  simple  kteral 
branches.  The  upper  end  of  the  hydro- 
soma is  frequently  dilated  to  the  form  of 
a  flask  (pneumatophore),  and  contains  an 
air  chamber  [pneumatocyst]  (fig.  185). 
In  every  case  there  is  a  central  space  in 
the  axis  of  the  stem  in  which  the  nutritive 
fluids  are  kept  in  constant  motion  by  the 
contractility  of  the  walls  and  by  the  move- 
ments of  the  cilia.  The  air  sac  or  pneu- 
matocyst at  the  apex  of  the  hydrosoma  is 
connected  to  the  chamber  which  contains  it 
by  radial  septa,  and  in  many  cases  attains 
a  considei'able  size  (Physcdia).  It  func 
tions  as  a  hydrostatic  apparatus,  and  in 
those  forms,  which  have  a  long  spiral 
hydrosoma  (Physojjhoridce),  serves  to  keep 
the  body  in  an  upright  position.  In  some 
cases  the  gaseous  contents  can  escape  freely 
by  one  or  more  openings. 

The  appendages  which  are  attached  to 
the  spirally  twisted  bilaterally  symmetrical 
stem  and  whose  cavities  communicate  vnth. 
that  of  the  stem  are  of  at  least  two  kinds 
— (1)  The  polypoid  nutritive  animals  mth 
their  tentacles  ;  (2)  the  medusoid  sexual  buds.  The  nutritive  Polyps 
(hydranths)  are  simple  tubes  provided  with  a  mouth,  and  never 

Gegenbaur,  "  Neue  Beitriige  zur  Kenntniss  der  Siphonophoren,"  Nova  Acta.. 
Tom.  XXVII.,  IS.'jg.  R.  Leuckart.  ••  Zoologische  Untersuchungeu,"  I.,  Giessen. 
1853.  R.  Leuckart.  •■  Zur  naheren  Kenntniss  der  Siphonophoren  von  Nizza," 
ArcJih:  fur  Natvvqcxrh,  1854.  C.  Clans.  "Ueber  Halistemma  tergestinum 
n.  s.  nebst  Bemerkiingcn  iiber  den  feineren  Bau  der  Physophoriden. '  Arhritrn 
am  (Inn  Zonhu/isHini  Instihtt.  der  Uvir.  Wicn.  etc.,  Tom.  I..  1878.  E.  Met- 
schnikofe,  "  Stiidien  iiber  die  Entwickehmg  der  Medusen  und  Siphonophoren. 
ZciUrh.  fiir  wixx.  Zool,  Tom.  XXIV.,  1874. 


Fig.  186. — A  portion  of  the  stem 
and  appendages  of  HiMstemmu 
terffestinum.  St,  Stem ;  D,  hy- 
dropliyllium ;  T,  dactylozooid; 
Sf,  tentacle  of  the  latter  ;  Wg, 
female,  Mg,  male,  gonophores. 
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possess  a  circle  of  tentacles.  They  always,  however,  have  a  long 
tentacle  arising  from  their  base.  This  tentacle  can  be  extended  to  a 
considerable  length,  and  be  retmcted 
into  a  spiral  coil.  It  rarely  has  a 
simple  foi-m,  but,  as  a  rule,  it  bears 
a  number  of  unbranched  lateral 
twigs,  which  are  also  very  contrac- 
tile. These  tentacles  are  invariably 
beset  with  a  great  number  of  nema- 
tocysts,  which  in  many  places  are 
closely  packed  and  have  a  regular 
arrangement.  These  aggregations 
of  thread-cells  are  especially  found 
on   the   lateral   branches   of  the 

tentacles,  and  give  rise  to  large,  brightly-coloured  swellings,  the 
batteries  of  nematocysts.    The  batteries  show  considerable  variations 


Fig.  187. — Group  of  buds  of  a,  Physophor 
at  the  bottom  of  the  pneumatophore. 
C,  Central  cavity  ;  Sk,  nectocalyx 
bud  with  the  ectodermal  ingrowth. 


(C 


d 


Fig.  188.— Development  of  AgalmopU  Saraii  (after  Metschnikofl).  a,  Ciliated  larva,  h.  Stage 
with  developing  hydrophyllium  (D).  c,  Stage  with  cap-shaped  hydrophyllium  (D)  and 
developing  pneumatophore  (i/').  d,  Stage  with  thi-ee  hydrophyllia,  (Z>,  B',  D"),  polyp 
(P),  and  tentacle. 

in  form  in  the  various  species,  genera,  and  families,  and  such  varia- 
tions afford  valuable  characters  for  systematic  classification. 
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The  second  form  of  appendage,  the  gono2)hore8,  usually  possess  a 
bell-shaped  mantle  containing  circular  and  radial  vessels,  and  surround- 
ing the  central  stalk  or  clapper  (manubrium),  which  is  filled  with 
ova  or  spermatozoa.  They  usually  arise  in  clusters  at  the  base  of  the 
tentacles,  more  rarely  from  the  nutritive  Polyps  themselves  {e.g.  in 
Velella).  The  male  and  female  generative  products  always  arise 
separately  in  differently  shaped  buds,  but  are  usually  found  closely 

approximated  on  the  same 
stock  (fig.  186).  There  are, 
however,  also  dioecious  Hipho- 
nophora,  or  if  tlie  medusoid 
buds  or  gonophores  be  regarded 
as  generative  organs,  Hiphono- 
phora  of  distinct  sexes,  e.y., 
Apolemia  uvaria  and  Diphyes 
acuminata.  The  ripe  sexual 
Medusoids  frequently  become 
separated  from  the  stock,  i.e. 
after  the  development  of  the 
generative  products,  and  only 
rarely  become  liberated  as 
small  Medusoi  {Chrysomitra  in 
the  Velellidce),  which  produce 
generative  products  during 
their  free  life. 

Besides  the  constant  nutri- 
tive Polyps  and  medusoid 
gonophores,  there  are  incon- 
stant appendages,  which  are 
also  modified  Polypoids  or 
Medusoids.  These  are  the 
mouthless  worm-like  dactylo- 
zoids  (fig.  186),  which,  like 
the  Polyps,  are  provided  with 
a  tentacle,  which  is,  however, 
shorter  and  simpler,  and  has  no  lateral  branches  or  aggregations 
of  nematocysts ;  also  the  leaf -shaped  hard  cartilaginous  liydrophyUia, 
which  serve  to  protect  the  polyps,  dactylozoids,  and  gonopliores ;  and 
finally  the  appendages  known  as  nectocalyces,  which  are  placed  beneath 
the  pneumatophore.  The  nectocalyces  have  a  structure  similar  to 
that  of  the  Medusae,  though  their  bilateral  symmetry  is  apparent ; 


Fig.  189. — Small  larval  stock  of  Agalmopais  after 
the  type  of  Athoryhia,  Lf,  Pueumatophore  ; 
D,  hydrophyllium ;  Nk,  gi-oups  of  nemato- 
cysts ;  P,  polyp. 
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they  are,  liowevei-,  without  manubrium,  mouth,  tentacles,  and  sense 
organs. 

The  deeply  concave  sub-umbrella  surface  of  the  nectocalyx  is 
largely  developed  and  has  a  very  powerful  muscular  covering  in  rela- 
tion to  its  exclusively 
locomotive  function. 
All  the  appendages  are 
developed  as  buds  formed 
of  ectodei-m,  entoderm, 
and  containing  a  central 
cavity  which  communi- 
cates with  the  central 
space  of  the  stem.  In 
the  nectocalyces  and 
gonophores  an  ecto- 
dermal ingrowth  gives 
rise  to  the  covering  of 
the  sub-umbrella  and  to 
the  generative  products 
respectively  (fig.  187). 

The  ova,  of  which 
there  is  often  only  one 
in  each  female  gono- 
phore,  are  large,  and 
have  no  vitelline  mem- 
brane, and,  after  im- 
pregnation, undergo  a 
complete    and  regular 


mi 


segmentation. 

A  nectocalyx  [Di2)hyes) 
is  the  first  structure 
formed  in  the  free-swim- 
ming lai-va,  or  the  upper 
part  of  the  body  of  the 
larva  gives  rise  to  a  cap- 
shaped  protective  cover 
or  hydrophyllium  as 
well  as  a  pneumato- 
phore,  and  the  under  part 
becomes  the  primary  nutritive  polyp  {AgalmojJsis,  fig.  188).  Since 
new  buds  give  rise  to  leaf -shaped  hydrophyllia,  a  small  stock  with 


Fig.  190. — Physophora  hydrostatica .  Pn,  Pneumatophore  ; 
S,  nectocalyces  arranged  in  double  rows  on  the  swim- 
ming column  ;  T,  dactylozoid ;  P,  polyp  (nutritive 
individual)  with  tentacles,  Sf-  Nk,  groups  of  nemato- 
cysts  on  the  latter  ;  G,  clusters  of  generative  buds. 
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provisional  appendages 
is  formed  which  allows 
us  to  regard  the  develop- 
ment of  the  Hvpliono- 
phora  as  a  metamorphosis 
(fig.  188  and  189). 

The  crown  of  hydro- 
phyllia,  which  is  com- 
pleted by  the  addition  of 
fresh  hydi-ophyllia  after 
the  appeai-ance  of  a 
tentacle  with  provisional 
groups  of  nematocysts, 
persists  only  in  Athory- 
bia,  where  a  swimming 
column  with  nectocalyces 
is  never  formed. 

In  Agalvio2ms  and 
Fhyso2Jhora  the  primary 
hydrophyllia  of  the  larva 
fall  off"  as  the  stem  be- 
comes larger,  and  are 
replaced  by  nectocalyces. 

(1)  Sub-order:  Physo- 
plioriclcti.  Stem  short, 
extended  in  the  form 
of  a  sac  (fig.  190),  or 
elongated  spirally  (fig. 
191),  with  a  pneumato- 
phore,  usually  nectocaly- 
ces, which  are  arranged 
in  two  or  more  rows  on  a 
swimming  column  below 
the  pueumatophore. 
Hydiophyllia  and  dacty- 
lozooids  are  usually 
present,  and  alternate 
with  the  pohps  and 
gonophoi-es  in  i-egular 
order.  The  body  of  the 
larva    usualh'  develops 


Y\G,.\^\.Sali»temmaierge«tiimm.   P»,  pueumatophore ; 
-S.  Nectocalyx  ;  P,  polyp  ;  D,  hydrophyllium  ;  Nk,  proups  of  ucmatocysts 
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first  a  polyp  with  pneumatophore  and  tentacle  beneath  an  apical 
hydrophyllium.    The  female  gonophore  has  only  one  egg. 

Fani.  Athorybiadse.  With  a  bunch  of  hj'drophyllia  in  place  of  the  swim- 
ming column  ;  resembling  a  persistent  larval  stage.  Atlioryhia  rosacea  Esch., 
Mediterranean. 

Fam.  PhysophoridsB,  s.  str.  Stem  short  and  enlarged  to  a  spiral  sac 
beneath  the  swimming  column  with  its  double  row  of 
nectocalyces.  No  hydrophyllia  but  instead  two  outer 
bunches  of  dactylozooids  with  gonoblastidia.  nutritive 
polyps  and  tentacles  lying  beneath  them.  Pity svjjh ova 
Forsk.,  Ph.  hydrostatlea  Forsk.,  Mediterranean  (fig. 
190). 

Fam.  Agalmidse.  Stem  imusually  elongated  and 
spirally  twisted.  ■  Swimming  column  with  two  or  more 
rows  of  nectocalyces.  There  are  both  hydrophyllia  and 
tentacles.  ForshaUa  contorta  M.  Edw.,  Ilalhtcmma.  ^ 
Dactylozooids  and  hydrophyllia  directly  connected  with 
the  stem.  In  the  ciliated  larva  a  pneumatophore  is 
first  developed  at  the  upper  pole.  H.  ruhrum  Vogt, 
Mediterranean.    H.  teryestinvm  Cls.  (fig.  191).  Ayal- 
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mo^jsis  Sarali  Koll.,  A^^oleviia  itvaria  Less.,  Mediter- 
ranean. Dioecious. 

(2)  Sub-order  :  Physalidce. — Stem  dilated  to 
form  a  large  chamber,  the  pneumatophore  lying 
almost  hoi'izontally,  containing  a  very  large 
pneumatocyst  opening  to  the  exterior.  Necto- 
calyces and  hydrophyllia  absent.  On  the  ventral 
line  of  the  sac  are  situated  lai'ge  and  small 
nutritive  polyps  with  strong  and  long  tentacles. 
There  are  also  clusters  of  gonophores  attached 
to  the  tentacle-like  polyps.  The  female  buds 
seem  to  become  free-swimming  Mechosce. 

Fam.  Physalidae.  With  the  characteristics  of  the 
group  Physalia  Lam.,  P.  carardla  Esch.  {Arcthitm 
Til.),  iKlayica,  utriculus  Esch.,  Atlantic  Ocean. 

(3)  Sub-order  :  Calycoiolwridce.  Stem  long  and 
without  pneumatophore.  Swimming  column 
with  double  row  of  nectocalyces  (Hippopodidfe) 
or  with  two  large  opposed  nectocalyces,  more 
rarely  with  only  one  nectocalyx.  There  are  no 
dactylozooids.  The  appendages  arise  in  groups  arranged  regularly, 
and  can  be  retracted  into  a  cavity  of  the  nectocalyx  (fig.  192).  Each 
group  of  individuals  consists  of  a  small  nutritive  polyp,  a  tentacle 
with  naked  kidney-shaped  groups  of  nematocysts,  and  gonophores. 


Pig.  192. — Diphyes  acu- 
minata, ma^ifled 
about  8  times.  Sb, 
Fluid  reservoir  in  the 
upper  nectocalyx 
(somatocyst). 
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To  these  is  usually  added  a  funnel  or  umbrella-.slmpe<l  hydrophyl- 
lium  (fig.  192).  These  groups  of  individuals  may  in  some  Diphyids 
become  free,  and  assume  a  sepai-ate  existence  as  Eudoxia  (tig.  193). 
The  gonophores  contain  niunerous  ova  in  the  manubrium,  which 
often  projects  as  a  cone  from  the  aperture  of  the  bell.  In  the  larva 
the  upper  nectocalyx  is  the  fii-st  formed. 

Fam.  Hippopodidae.  Tlic  Nvviniming  column  has  two  rows  of  Tiectocalyces, 
and  IS  situate  on  au  upper  lateral  branch  of  the  stem.  The  male  and  female 
gonophores  are  grouped  in  clusters  and  are  situate  at  the  base  of  the  nutritive 
polyp.    Glrha  HipjKtjmH  Forsk.,  Mediterranean. 

Fam.  Diphyidae.  With  two  very  large  nectocalyces  at  the  upper  end  of  the 
stem  and  opposite  to  each  other.    JJiphycx  tumminata  Lkt.,  dioecious  ;  with 

Mndihcia  cnmiKimilatti .  Ahijla,  junitaijona  Esch.,  with 
Eudo.Ha  mhoidax,  Mediterranean.  S2)hcBrojiectes 
'5rLux.\.  =  3/0)1  (ijjJi yes  Cls.,  Sp.  f/raciliii  Cls.  with  Diplo- 
2)hym  iiwrvi.ix.  Mediterranean. 

(4)  Sub-order:  Discoidece.  Stem  comjDressed 
to  a  flat  disc,  with  a  system  of  canal-like  spaces 
(central  cavity).  Above  lies  the  pneumatocyst 
in  the  form  of  a  disc-shaped  reservoir  of  car- 
tilaginous consistence  composed  of  concentric 
canals  opening  to  the  exterior.  The  polypoid 
and  medusoid  appendages  are  situate  on  the 
under  side  of  the  disc.  In  the  centre  is  a  large 
nutritive  Polyp,  around  which  are  a  number  of 
smaller  ones.  To  the  base  of  these  small  Polyps 
are  attached  the  gonophores.  The  dactylozooids 
are  not  far  from  the  edge  of  the  disc.  The 
gonophores  are  set  free  as  small  Medusce  {Chry- 
somitra),  which  do  not  produce  the  generative 
material  till  long  after  separation. 


Fig.  193.— Part  of  a  Di- 
phyid  (after  R.  Leuck- 
art).  JD,  Hydrophy]- 
lium  ;  GS,  genital 
nectocalj^x ;  P,  polyp 
with  tentacles.  The 
individual  groups  se- 
parate as  Eudoxia. 


ranean. 


Fam.  Velellidae. 

Porpita  mcditerranca  Esch. 


VclAla   xph-tiiix  Esch.,  Mediter- 


Order  3. — Scyphomedus^  =  Acalepha.''' 

Medusce  of  considerable  size,  with  gastric  filaments.  The  edge  of  the 
umbrella  lobed.  The  sense  organs  covered.  The  embryonic  stages  are 
not  hydroid  stocks  but  Scyphistoma  and  Strobila  forms. 

The  Medusce  of  this  order  are  distinguished  from  those  of  the 
hydroid  group  by  their  considei'able  size  and  the  great  thickness  of 

*  Besides  the  works  of  Brandt.  L.  Agassiz,  Huxley,  Ej-senhai-dt,  compare 
T.  Siebold,  "  Beitriige  zur  Naturgeschichte  der  wirbellosen  Thiere,  '  ISSD.  M. 
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their  umbrella,  the  gelatinous  connective  tissue  of  wliich  is  richly 
developed  and  contains  a  quantity  of  strong  fibrilL-e  and  a  network 
of  elastic  fibres,  which  structures  confer  upon  it  a  greater  firmness 
and  rigidity. 

Another  characteristic  of  the  group  is  derived  from  the  structure 
of  the  edge  of  the  umbrella.    This  is  divided  by  a  regular  number 


Fig.  194:.— Anrelia  aurita,  from  the  oral  surface.  MA,  The  four  oral  tentacles  with  the  mouth 
in  the  centre ;  Qlc,  generative  organs ;  GH,  aperture  of  genital  pouch ;  Rk,  sense 
organ  (marginal  body);  RG,  radial  vessel ;  T,  tentacle  at  edge  of  the  disc. 

of  indentations  usually  into  eight  groups  of  lobes  between  which  the 
sense  organs  ai-e  contained  in  special  pits  (fig.  194). 

The  marginal  lobes  of  the  Acalephaj,  like  the  continuous  velum 
of  the  Hyclromedusce,  appear  to  be  secondary  formations  at  the  edge 
of  the  disc.  In  the  young  stage  known  as  Eiyliyra,  which  is  common 
at  least  to  all  the  Discoplwra,  they  are  present  as  eight  pairs  of 

fiars,  "Ueber  die  Entvvicklung  der  Medusa  aurita  und  Cyanea  capillata," 
ArrJiiv.fur  Mitiar/cscJi,  1811.  H.  J.  Clark,  "  Prodromus  of  the  History,  etc.,  of 
the  Order  Lm-ernaria,"  Jovrn.  of  jBost.  Sop.  of  jYat.  Ilht.,  1863.  C.  Glaus, 
"  Studien  iiber  Polypen  und  Quallcn  der  Adria."  Drnhsoliriftcn  der  i 
Almdcmw  der  W-lmmHoli.  Wicn,  1877.  C.  Claus,  "  Untersuchuiigen  iiber 
Charybdea  marsupialis, "  Arheiten  aus  dam  Zool.  InsHtvt.  Wicn,  1878  Also 
E.  Haeckel,  1.  c.  ' 
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relatively  long  tongue-like  processes,  and  grow  out  from  the  disc-like 
segments  of  the  Strohila  as  marginal  cones.  An  undivided  mar- 
ginal membrane  (the  velarium),  differing  from  the  velum  of  the 
Craspedota  [in  containing  prolongations  of  the  canals  of  the  gastro- 
vascular  system],  is  present  in  the  Charyhdeidce  alone. 

The  Acahpha  dift'er  from  the  IIydromedm(e  in  possessing,  as  a  rule, 
large  oral  tentacles  at  the  free  end  of  the  wide  manubrium.  These 
may  be  regiirded  as  being  derived  from  an  unequal  growth  of  the 
edges  of  the  mouth.  They  grow  as  four  arm-like  processes  of  the 
manubrium  from  the  angles  of  the  mouth,  and  are  placed  radially, 


Fi&.  195. — Diagrammatic  longitudinal  section  tlirouo;h  a  Rhizostoma.  U,  Umbrella;  M, 
gastric  cavity ;  S,  suta-mnbrella ;  (?,  genital  band. ;  Sh,  sub-genital  pit ;  F,  filament ; 
S3f,  muscle  system  of  the  sub-umbrella ;  JRgf,  radial  vessels ;  Sk,  sense  organs ; 
Mg,  olfactory  pits ;  Al,  ocular  lobe ;  S/c,  shoulder  tufts ;  Dk,  dorsal  tufts  ;  Vk,  ventml 
tufts  of  the  eight  arms  ;  Z,  terminal  parts  of  the  arms. 

i.e.  they  alternate  with  the  genital  organs  and  gastric  filaments. 
In  some  cases  the  arms  become  forked  at  an  early  period,  and  four 
pairs  of  arms  are  formed,  the  lobed  tufted  edges  of  which  may  again 
divide  and  sub-divide  into  many  branches.  In  this  case,  the  margins 
of  the  mouth  and  the  opposed  surfaces  of  each  pair  of  arms  fuse  in 
early  life  in  such  a  way  that  the  original  central  mouth  becomes 
obliterated,  and  in  its  place  there  are  developed  a  number  of  small 
tufted  orifices  on  the  peripheral  parts  of  the  arms,  through  which 
nutriment  is  taken  in  (Ehizostomidse,  fig.  195). 
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The  form  of  the  gastrovascular  apparatus  exhibits  considerable 
differences,  which  in  the  Disco2)hora  may  be  considered  as  modifica- 
tions of  the  Ejihyra  type.  The  flat  disc  of  the  Epliyra,  which 
is  spHt  into  eight  pairs  of  lobes,  contains  a  central  gastric  cavity 
into  which  the  canal  of  the  short,  wide,  four-cornered  manu- 
orium  leads.  From  this  central  cavity  there  diverge  eight  canal- 
like peripheral  diverticula  (radial  pouches),  between  which  there  are 
formed  sooner  or  later  in  the  vascular  lamella  the  same  number  of 
short  intermediate  canals  (intermediate  pouches).  The  radial  and 
intermediate  ca,nals  sometimes  become  enlarged,  as  in  Pelacjia  and 


Fig.  196.  Section  through  the  olfactory  pit,  the  sense-organ  (marginal  body)  and  its  nerve 
centre,  of  Anreliu  aurita.  Jt,  Olfactoi-y  pit  •  £,  lobe  of  the  umbrella  covering  the 
sense  organ  ;  P,  eye  spot ;  Ot,  otolith  of  the  auditory  sac ;  Z,  cells  after  solution  of  the 
otoliths  ;  En,  entoderm ;  Ec,  ectoderm  with  the  underljang  layer  of  nei-ve  fibrilla;,  F. 

Chrysaora,  so  as  to  form  unusually  broad  gastric  pouches  separated 
by  thin  septa  and  without  any  communication  with  each  other  at 
the  periphery.  Sometimes,  however,  they  become  transformed  into 
narrow  vessels,  between  which,  in  the  broad  intervening  septa,  there 
is  secondarily  developed  during  the  subsequent  growth  by  a  separa- 
tion of  the  two  layers  of  the  vascular-lamella,  a  rich  network  of 
anastomosing  canals,  and  near  the  edge  of  the  disc  a  circular  canal 
{Aicrelia,  Rhizostoma). 
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Tlie  gastvovascular  apparatus  of  the  cup-  or  bell-sliaped  Calycozoa 
and  CharyhcUidm  differs  from  the  types  above  described,  and  re- 
sembles that  of  the  more  primitive  Scypliistoma  stage,  in  that  the 
gastric  cavity  presents  only  four  peripl^eral  vascular  pouches,  wliich 
are  very  wide,  and  separated  by  exti-emely  thin  septa. 
^  The  worm-like  movable  tentacles  of  the  gastric  cavity,  the  gastric 
filaments,  which  are  not  found  in  any  Ilydromedusoi  afford  an  im- 
portant distinctive  mark.  They  correspond  to  the  so-called  mesenteric 
filaments  of  the  Anthozoa,  and  afford  the  same  aid  to  digestion 
through  the  secretion  of  their  glandular  entodermal  covering.  In 
every  case  they  are  attached  to  the  sub-umbrella  wall  of  the 
stomach,  and  fall  in  the  four  radii  of  the  generative  organs  (radii  of 
the  second  order),  which  alternate  with  the  radii  of  the  angles  of  the 
mouth,  or  radii  of  the  first  order.  They  usually  follow  the  inner 
edge  of  the  generative  organs  in  a  simple  or  convoluted  curved  line. 

The  existence  of  the  nervous  system  of  the  Acalepha  has  only 
recently  been  demonstrated  with  certainty.  It  has  been  proved  that 
the  centres  of  the  nervous  system  are  contained  in  the  ectoderm  of 
the  stalk  and  base  of  the  marginal  bodies,  and  consist  of  a  considerable 
layer  of  nerve  fibrilL-e  deep  in  the  ciliated  ectodermal  epitheHum, 
the  nerve  cells  of  which  are  elongated  in  the  form  of  a  rod,  and  bend 
round  at  their  basal  extremities  to  be  continued  directly  into  the 
nerve  fibrillte  (fig.  196).  There  is  in  addition  a  widely  distributed  and 
important  peripheral  nerve  plexus  in  the  muscles  of  the  sub-umbrella. 

Up  to  the  present  time  no  investigations  have  completely  elucidated 
the  manner  in  wliich  this  nerve  plexus  is  related  to  the  nerve  centres 
of  the  marginal  bodies,  and  how  the  latter  are  connected  with  one 
another.  The  existence  of  a  nerve  ring  on  the  sub-umbrella  surface 
has  been  proved  only  for  the  Charyhdeidce,  in  which  the  edge  of  the 
disc  is  not  notched  (fig.  169).  The  antimeres  of  the  Acalejyha  show 
in  all  cases  a  great  degree  of  individuality,  and,  when  cut  off,  are  able 
to  live  for  a  considerable  time. 

The  marginal  bodies,  as  well  as  the  pit-like  depressions  on  the 
dorsal  side  of  the  excavations  in  which  the  marginal  bodies  are 
placed  (olfactory  pits),  must  be  considered  as  sense-organs. 

The  marginal  bodies  are  morphologically  the  remnants  of  reduced 
tentacles.  They  may  be  seen  on  the  under  side  of  the  umbrella  in 
the  stage  of  the  Eiyhyra,  and  are  overgrown  by  portions  of  the  edge 
of  the  umbrella  i^SteganojyJtthalmata).  [They  contain  a  central  canal 
lined  by  endoderm  and  continvious  with  the  gastro-vascular  system 
of  the  disc,  fig.  196].    They  appear  in  all  cases  to  unite  the  functions 
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of  ocular  and  auditory  apparatus.  The  auditory  function  is  provided 
for  by  a  large  sac  containing  crystals,  which  oi'iginates  from  the  cells 
of  the  entoderm  ;  while  the  eye  consists  of  a  mass  of  pigment  lying  on 
the  doi'sal  or  ventral  face,  and  nearer  the  end  of  the  stalk.  In  some 
exceptional  cases  (Nausithoe)  it  is  provided  with  a  refractile  cuticular 
lens.  But  it  is  in  the  Charybdeidte  that  the  sense  body  reaches  the 
highest  development ;  for  in  them,  in  addition  to  the  terminal  sac 
of  otoliths,  there  is  also  present,  in  the  wall  of  the  dilated  vascular 
space  of  the  papilla,  an  extremely  complicated  visual  organ,  formed 
of  four  small  paii-ed  and  two  large  unpaired  eyes,  in  which  lens, 
vitreous  body,  and  retina  can  be  distinguished. 

The  four  generative  organs  of  the  Acalepha  can  be  easily  dis- 
tinguished in  consequence  of  their  size  and  their  bright  colouring. 
In  some  cases,  at  any  rate  in  the  Biscojy/wra,  they  protrude  as  folded 
bands  into  special  cavities  in  the  umbrella,  the  so-called  sub-genital 
pits  (hence  the  term  Fhanerocarpce  Esch.)  In  all  cases  these  bands 
lie  on  the  lower  (sub-umbrella)  wall  of  the  digestive  cavity  (figs.  194, 
195),  from  which  they  originate  as  leaf-like  prominences.  The 
upper  sm^face  is  covered  with  gastric  epithelium ;  the  under,  which 
is  turned  towards  the  sub-umbrella,  with  germinal  epithelium,  the 
elements  of  which,  in  the  process  of  development,  pass  into  the 
gelatinous  substance  of  the  band. 

The  formation  of  the  cavities  in  the  sub-umbrella  of  the  Discophora 
is  due  to  a  local  growth  of  the  gelatinous  substance  of  the  sub -umbrella; 
in  some  cases,  however,  they  may  be  completely  absent  (Biscomedusa, 
Ncmsithoe).  The  mature  generative  products  are  dehisced  into  the 
gastric  cavity,  and  pass  out  through  the  mouth;  but  in  many  cases 
the  ova  undergo  their  embryonic  development  either  in  the  ovary 
{Chrysaora)  or  in  the  oral  tentacles  {Aurelia).  Separate  sexes  are 
the  rule.  Male  and  female  individuals,  however,  apart  from  the 
colour  of  their  generative  organs, 'have  only  slight  sexual  difierences, 
as,  for  instance,  the  form  and  length  of  the  tentacles  {Aurelia). 
Chrysaora  is  hermaphrodite. 

In  the  Discophora  the  development  is  generally  accompanied  by 
an  alternation  of  generations;  the  asexual  generations  being  repre- 
sented by  the  Scyphistoma  and  StroUla;  but  in  exceptional  cases 
It  IS  direct  (Pelagia).  In  all  cases  a  complete  segmentation  leads 
to  the  formation  of  a  ciliated  larva,  the  so-caUed  planula,  which 
attaches  itself  by  the  pole  which  is  directed  forwards  in  swimming. 
This  pole  is,  however,  opposite  to  the  gastrula  mouth,  which  in 
the  meantime  becomes  closed,  while  round  the  mouth,  which  is 
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formed  as  a  perforation  at  the  free  end,  the  tentacles  appear.  A.s 
in  the  embr^'o  Actinia,  two  opposite  tentacles  first  make  their 
appearance  ;  not,  however,  simultaneously,  the  one  appearing  after 
the  other,  so  that  the  young  larva  about  to  develop  into  the  Scyphis- 
tomfi,  pi-esents  a  bilaterally  symmtrical  structure.  Subsequently 
the  second  pair  appear  in  a  plane  at  right  angles  to  the  plane  of 
the  first  tentacles.  These  four  tentacles  mark  the  radii  of  the  first 
order.  Then  alternating  with  these,  but  in  a  less  regular  suc- 
cession, the  third  and  fourth  pairs  appear  ;  and  soon  after  in  the 
plane  of  these  latter  four  longitudinal  folds  of  the  gastric  cavity 
are  developed  (radii  of  the  second  order  or  of  the  gastric  filaments 
and  genital  organs). 

The  eight-armed  Scy2ohistoma  soon  produces  eight  fresh  tentacles, 
Avhich  succeed  one  another  in  irregular  succession,  and  alternate  with 
the  tentacles  already  present.  Their  position  detei-mines  the  inter- 
mediate radii  of  the  futui'e  young  Biscophor  or  Ejjhyra.  After  the 
formation  of  the  circle  of  tentacles  and  the  secretion  of  a  clear  basal 
periderm  (Chrysaora),  the  Scyphistoma  is  capable  of  reproduction 
by  fission  and  gemmation.  At  first  the  Scyphistoma  appears  to 
multiply  only  by  budding  ;  the  second  mode  of  reproduction,  the 
process  of  strobilization,  begins  later.  This  consists  essentially  in  the 
fission  and  division  of  the  anterior  half  of  the  body  into  a  number 
of  segments,  thus  changing  the  Scyphistoma  to  a  Strohila.  The 
separation  of  the  segments  progresses  continuously  from  the  antei-ior 
end  to  the  base  of  the  Strobila,  so  that  after  the  disappearance  of  the 
tentacles,  first  the  terminal  segment,  then  the  second,  and  so  forth, 
attain  independent  existence.  Each  segment  becomes  an  Ephyra, 
developing  eight  pairs  of  elongated  marginal  lobes,  with  a  marginal 
body  in  the  notch  which  separates  the  two  lobes  of  the  same 
pair.  It  is  these  marginal  lobes  which  give  to  the  edge  of  the 
umbrella  of  the  Ephyra  its  characteristic  appearance.  The  young 
Ephyra  gradually  acquires  the  special  peculiarities  of  form  and 
organization  of  the  sexually  mature  animal  {vide  figs.  113  a — h). 

The  number  of  nematocysts  accumulated  on  the  upper  surface  of 
the  disc  and  on  the  tentacles  of  many  Medusce  enable  them  to  cause 
a  perceptible  stinging  sensation  on  contact.  Many,  e.g.  Pelagia,  are 
phosphoi-escent.  According  to  Panceri,  this  phenomena  originates  in 
the  fat-like  contents  of  certain  epithelial  cells  on  the  surface. 

In  spite  of  the  delicacy  of  their  tissues,  certain  large  Medv.sai 
have  left  impressions  in  the  lithographic  slate  of  Sohlenhofen 
{Medusites  circularis,  etc.) 
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(1)  Sub-order  :  Calycozoa  (Cylicozoa), 

Ctip-shaped  Acalejjha  attached  by  their  ahoral  pole.  They  have 
four  wide  vascular  pouches  \eparated  hy  narrow  walls,  and  eight  arm- 
like  processes  beset  loith  tentacles  on  the  edge  of  the  umbrella. 

The  Calycozoa  are  best  considered  in  their  relation  to  the  Scyhis- 
toma.  They  may  be  looked  upon  as  Scyphistoma  deprived  of 
their  tentacles,  which  indeed  are  only  transitory  structures,  and 
elongated  so  as  to  assume  the  form  of  a  cup,  and  changed  in 
several  J)articulars  which,  are  characteristic  of  the  medusa  stage. 
The  four  septa  arise  by  the  fusion  of  the  four  gastric  folds  with 
the  wide  oral  disc,  which  becomes  drawn  in  and  concave  like  a  sub- 
umbrella.     These  four  septa  separate  the  same  number  of  gas- 


FiG.  197.— a,  A  Cdlycozoun  (Lucernaria)  tvom.  the  oral  surface  magnifled  about  8  diameters. 
S,  Septa  of  the  f  oiu-  gastric  pouches  ;  X,  longitudinal  muscle  fibres  with  the  genital  band ; 
at,  marginal  tentacles,  b.  The  Calycozoon  seen  from  the  side  ;  G,  Genital  organs ;  Gho, 
gastric  fold  in  the  stalk  ;  at  the  base  is  the  foot  gland. 


trovascular  pouches  ;  while  the  margin  of  the  cup  is  drawn  out  into 
eight  arm-like  processes,  from  which  groups  of  short,  knobbed 
tentacles  arise  (fig.  197). 

The  genital  organs  extend  on  the  oral  wall  of  the  umbrella  into 
the  arms  as  eight  band-shaped,  plicated  ridges.  They  run  along  in 
pairs  at  the  lower  pai't  of  each  septum  in  the  gastric  cavity.  The 
o\n.im,  according  to  Fol,  undergoes  a  complete  segmentation,  which 
results  in  a  single-layered  blastosphere.  This  becomes  an  oval,  two- 
layered  larva,  which  becomes  ciliated,  swims  freely  about,  and  finally 
attaches  itself.  The  further  development  probably  takes  place 
directly  without  alternation  of  generations. 

17 
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Fam.  Lucernaridae.  L^ioernaria  0.  Fr.  Miiller,  Calyco.oa  with  four  raduil 
chambers;  without  genital  pouches,  and  without  the  accessory  chambers  of 
the  digestive  cavity  alternating  with  these.  Z.  rjvadruwrni,  0  Fr  Muller 
oampanulata  Lmx.     Crater olojthu.  Clark,  with  genital  pouches  and  four 

chambers  of  the  gastric  cavity  alterna- 
ting with  them.  a-.  Lt'uckarti  Tschl). 
=  hrl(iola,ntlica  Lkt.,  Heligoland, 

The  iMuuirnaria  are  witliout  exception 
marine  animals,  and  are  remarkable  for 
Ihcii-  great  rei)roductive  power.  Accord- 
ing to  A.  Meyer,  if  the  stalk  be  cut  off, 
the  cup  reproduces  a  new  one,  and 
injured  individuals,  and  even  excised 
pieces,  can  become  perfect  animals. 

(2)  Sub-order :  Marsupialida 

{Lobo'pliorcC). 

Tetra-radinte  Acaleplut  having  a 
four-sided  x>ouch-liJce  form.  The 
velum  has  a  smooth  margin,  and 
contains  vessels  [j)rolongations  of 
the  g astro-vascular  system'].  On  the 
margin  of  tloe  disc  there  are  four 
vertically  placed  lobe-like  appen- 
dages. There  are  four  covered  sense, 
organs,  and  the  same  number  of 
vascular  pouches  sejxtrated  by  nar- 
row partition  toalls. 

The  Charybdem  are  distinguished 
by  the  deep  bell  shape  of  their  body, 
and  were  formerly  reckoned  as 
"  Craspedota  "  among  the  Hydro- 
medusa},  with  which  they  certainly 
have  some  characteristics  in  com- 
mon. Amongst  these  character- 
istics the  most  striking  is  the 
possession  of  a  smooth-edged  velum, 
which,  however,  contains  vessels. 
Fig.  \m.-CharyMca  marsnpialis,  natural  Qn  the  Other  hand,  the  presence  of 

size.  T,  Tentacles ;  Etc,  marginal  bodies  .  '■ 

(sense  organs) ;  Ov,  ovaries.  the  gastric  filaments  and  of  the 

large  sense  organs  enclosed  in 
niches  points  to  a  relationship  with  the  Acalejjha ;  and  this  view  is 
supported  by  the  character  of  their  whole  structure,  in  which  the 
peculiarities  of  the  Lucernaridce  are  perceptible,  though  greatly 
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•  moditied.  As  in  Ltccei^naridce,  the  vascular  spaces  are  wide  pouches 
divided  from  each  other  by  four  narrow  septa  (figs.  198,  199). 

The  nervous  system  is  allied  to  that  of  the  Hydromedusce  by  the 
presence  of  a  sharply  defined  nerve-ring.  This  nerve-ring  is  placed 
on  the  sub-umbrella  side  of  the  bell,  and,  since  at  the  bases  of  the 
four  sense  organs  it  lies  further  from  the  margin  than  it  does  at  the 
corners  of  the  bell,  it  has  a  sharply  mai'ked,  zig-zag  course.  The 
nerve  fibrillfe  given  ofi"  from  it  mostly  supply  the  muscular  system  of 
the  sub-umbrella,  and  there  give  rise  to  numerous  reticula  of  fibrillse 
connected  with  large  ganglion  cells.  Large  bundles  of  fibrillaj  com- 
parable to  nerves  have  only  been  found  in  the  four  radii  of  the  mar- 
ginal bodies.  The  latter  attain  a  high  degree  of  development,  since 
the  knob-like  swelling  in  which  they  terminate  possesses,  in  addition 
to  the  lithocyst,  a  complicated  visual  apparatus  consisting  of  two 
large  unpaired  median  eyes  and  four 
small  paired  lateral  eyes. 

The  generative  organs  have  a  very 
peculiar  form.  They  are  separated 
from  the  gastric  filaments  and  as 
thin,  rather  broad  plates  attached  in 
paii's  to  the  four  pai-tition  walls, 

length   of  the 
Unf  ortunately 
known   of  the 


reach   the  whole 
vascular  pouches, 
nothing  is  as  yet 
development. 


Fam.  Charybdeidae.  Charyhdm  inar- 
supialia  P&-.  Les.  {Marmpialis  Planci 
Les.)  Mediterranean. 


Fig.  199.— The  apicalhalf  of  a  Charyhdea 
divided  transversely,  seen  from  the 
sub-utnbreUa  side.  The  foiu-  oral 
arms  are  visible.  Ov,  Ovaries  on  the 
four  septa,  S ;  Ost,  ostia  of  the  gas- 
tric pouches ;  Qf,  gastric  filaments. 


(3)  Sub-order  :  Discophora  [Acra- 
speda),  E2')hyra-medusce. 

BisG-shaped  Accdepha,  the,  margin  of  ivhose  disc  is  divided  into  eight 
lobes.    They  have  at  least  eight  sub-marginal  sense  organs  contained  in 
niches,  and  toith  the  same  number  of  ocular  lobes.    As  a  rule  there  are 
four  great  cavities  in  the  umbrella  for  the  generative  orgam. 

The  I)isco2}hora,  which  are  generally  known  simply  as  Acalepha, 
can  at  once  be  distinguished  from  the  Calycozoa  and  the  Charybdeidoi 
by  the  disc-shaped  lobed  umbrella  and  usually  by  the  large  size  of 
the  oral  tentacles.  The  lobes  of  the  umbrella,  however  much  they 
may  differ  in  detail,  can  always  be  reduced  to  the  eight  pairs  of 
lobes  of  the  Ephyra,  which,  as  the  common  starting-point  of  the 
Discophora,  presents  most  clearly  the  eight-rayed  symmetry  char- 
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acteristic  of  the  group.  Tlie  striped  mus-cles  of  the  sub-umbrella 
are  strongly  developed  to  coi-respond  with  the  great  size  of  the  body  ; 
and  beneath  them  the  supporting  lamella  is  usually  thrown  into  a 
number  of  closely  aggregated  cii-cular  folds,  thus  causing  a  consider- 
able increase  in  the  surface  on  which  the  muscular  epithelium  with 
its  circularly  arranged  fibres  are  placed. 

The  generative  organs  have  the  form  of  horse-shoe  shaped  frills 
which  project  into  four  widely  open  cavities  in  the  sub-umbi-ella, 
the  sub-genitcd  pits.  These  cavities  are  not  developed  in  sonie  ex- 
ceptional cases  (lYausithoe,  Discomedusa).    The  germinal  epithelium, 


Fig.  '2.f)0.—AurMa  (nirita,  seen  from  the  oral  surface.  3IA,  The  foiu'  oral  arms  with  the 
mouth  in  the  centre ;  GJr,  The  genital  frills  ;  GH,  Openings  of  the  sub-genital  cavities  ; 
Bk,  Marginal  bodies  ;  RG,  Radial  vessels  ;  T,  Tentacles  on  the  margin  of  the  disc. 

which  is  always  embedded  in  the  gelatinous  substance,  is  covered 
with  an  entodermal  layer,  and  is  probably  itself  an  entodermal 
product  (tig.  200).  Development  takes  place  by  alternation  of  gene- 
rations. In  rare  cases  {Pelagia)  the  development  is  simpHfied,  and 
the  larva  passes  directly  into  the  Eph^jra,  missing  out  the  attached 
Scyphistoma  and  the  Strobila  stage  (Kro/m). 

1.  Semceostoinece.  Discophora  with  large  central  mouth  sur- 
rounded by  four  large  often  multi-lobed  oral  arms.    The  form  of  the 
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umbrella  edge,  the  number  of  lobes  and  marginal  tentacles  present 
great  variations. 

Fam.  Ephyropsidffi,  Ejihryop^U,  Ggbr.  {XoAisUhoe  Koll).  Disc  small  and 
like  that  of  J^phi/ra,  with  simple  o-astric  sacs,  without  oral  arms,  but  with  eight 
marginal  tentacles.  The  genital  organs  (in  four  pairs)  do  not  lie  m  umbreUa 
cavities.    E. pdaq'u-ii  Koll.,  Mediterranean  and  Adriatic. 

Fam.  Pelagidffi.  Pelaqm  P^r.  Les.  With  wide  gastric  pouches  and  eight 
long  marginal  tentacles  in  the  intcrradii.  No  alternation  of  generations.  P. 
■mcUhtca'^tx.  Les.,  Mediterranean.  Chrysaora  Per.  Les.,  with  twenty-four 
long  marginal  tentacles.  The  radial  and  intermediate  gastric  pouches  are  per- 
ceptibly different.  dir.  hyso.se/4la  Esch.  Hermaphrodite,  North  Sea  and 
Adriatic. 

Fam.  Cyaneidee.  Cyiinea  P6r.  Les.  The  tentacles  are  united  in  bundles  on 
the  under  surface  of  the  deeply  lobed  thick  disc.  There  are  sixteen  (eight 
radial  and  eight  intermediate)  more  or  less  wide  gastric  pouches,  which  break 
up  near  the  end  of  the  marginal  lobes  into  small  ramified  vessels.  C.  cfipillata 
Esch. 

Fam.  Aurelidse.  Biscomedum  Cls.  With  large  oral  arms,  with  branched 
vessels  and  two  marginal  tentacles.  Subgenital  pits  present.  JD.  lohata  Cls., 
Adriatic.  Aurdia  Per.  Les.,  with  branched  radial  vessels  and  edge  of  disc 
fi'inged  with  small  tentacles.  A.  awlta  L.  QMedu-m  aurita  L.),  Baltic,  North 
Sea,  Adriatic,  etc.    A.fiavidula  Ag.,  coast  of  North  America. 

2.  Rhizostomece.  No  central  mouth,  funnel-shaped  slits  in  the 
eight  oral  arms  and  eight,  rarely  twelve,  marginal  bodies  on  the  lobed 
margin  of  the  disc.  There  are  no  marginal  tentacles.  The  central 
mouth,  which  is  at  first  present,  becomes  closed  during  the  larval 
development  by  the  fusion  of  the  edges  of  the  lips.  Funnel-like  splits 
are  formed  on  the  folded  edges  of  the  four  pairs  of  arms,  the  so- 
called  suctorial  mouths,  by  means  of  which  microscopic  bodies  are 
received  into  the  canal  system  of  the  oral  arms  (fig.  195). 

Rliho-stoma  Cuv.  The  arms  end  in  simple  tubular  prolongations,  and  bear 
accessory  tufts  at  their  bases.  Rli.  Cuvieri  Per.  Les.,  Ccpliea  Per.  Les.  The 
branched  oral  arms  have  gi'oups  of  nematocysts  and  long  filaments  between 
the  terminal  tufts.  Cepliea  Per.  Les.  (C'assiojjm^  horhoiiica  Delle  Ch.,  Medi- 
terranean and  Adriatic. 

CLASS  III.— CTENOPHORA.* 

Medusce  of  sjjherical  or  cylindrical,  rarely  hand-slm'ped  form  ;  with 
eight  meridional  rows  of  vibratile  2ylates  formed  of  fttsed  cilia.  They 

*  C.  Gegenbaur,  "  Studien  liber  Organisation  und  Systematik  der  Cteno- 
phoren,"  Arehiv.  fur  Naturffexelt.,  18.56.  L.  Agassiz,  "  Contributions  to  the 
Natural  History  of  the  United  States  of  America,"  vol.  iii.,  Boston,  1860. 
A.  Kowalevski,  "Entwickelungsgeschichte  der  Rippenquallen,"  Petersburg,  1866. 
H.  Fol,  "  Ein  Beitrag  zur  Anatomic  und  EntwicklungsgescHchte  einiger  Rip. 
penquallen,"  Inaugural  dissertation,  Jena,  1869.  A.  Agassiz,  ••  Embryology 
of  the  Ctenophor£e,"  Cambridge,  U.S.,  1871:.  C.  Chun,  "Die  Ctenophoren  des 
Golfes  von  Neapel,"  Leipzig,  1880. 
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2)ossess  an  oesojihayeal  tiibe  and  a  <j astro-vascular  carud  system.  Two 
lateral  tentacles,  lohich  can  he  retracted  into  j)ouches,  are  often  present. 

The  Gteno2)hora  possess  a  nhape  which  can  in  all  cases  he 
reduced  to  a  sphere.  They  are  radially  symmetrical  free-swim- 
ming C(denterata  of  gelatinous 
consistence.  TJie  body  is  often 
bilaterally  compressed,  so  tliat  it  is 
possible  to 
distinguish 
two  planes 
p  a  s  s  i  n  g 
through  the 
long  axis  at 
right  angles 
to  one  an- 
other ;  these 


plates ;    Gf,  gastro-vasciilav  system. 


Fig.  iOl.—Cydippe,  seen  from  the 
apical  pole.  S,  Sagittal  plane;  T, 
transverse    plane  ;     jB,   swimming         .  i  •, 

ar  svstfiTT,.  aretnes-a^zf- 
tal  plane  and 

the  transverse  plane,  and  are  analogous 
to  the  median  (longitudinal  vertical),  and 
lateral  (longitudinal  horizontal)  planes  of 
bilaterally  symmetrical  animals  (fig.  201). 
The  arrangement  of  the  internal  organs 
bears  a  relation  to  these  two  planes.  All 
parts  of  the  body  which  occur  in  pairs,  as 
the  two  tentacles,  the  gastiic  canals,  the 
hepatic  bands  of  the  stomach,  and  the 
vessels  which  give  origin  to  the  eight  lateral 
canals,  all  lie  in  the  transverse  plane,  while 
the  sagittal  plane  coincides  with  the  longer 
axis  of  the  oesophageal  (gastric)  tube  (whence 
also  called  the  gastric  plane),  the  two  so- 
called  polrir-fields,  and  the  terminal  vessels 
of  the  infundibulum. 

The  infundibulum  is  so  compressed  that 
its  longest  diameter  falls  in  the  lateral 
plane,  which  on  this  account  is  sometimes 
called  the  infundibular  plane.  Since  these  two  planes  divide  the  body 
into  halves,  which  correspond  with  one  another,  and  since  there  is  no 
division  into  dorsal  and  ventral  surfaces,  the  arrangement  of  the 
body  may  be  said  to  be  bi-radially  symmetrical,  but  cannot  be  called 


Fig.  202. — Cydippe  (Hormiphora) 
plumosa  (after  Chim).  O, 
Moutli. 
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bilaterally  symmetrical,  although  each  half  possesses  this  property. 
The  body  is  divided  by  these  two  perpendicular  planes  into  four 
similar  quadrants. 

Locomotion  is  principally  effected  by  the  regular  vibration  of  the 
hyaline  swimming  plates,  which  are  disposed  over  the  surface  of  the 
body  in  eight  meridional  rows,  in  such  a  way  that  each  quadrant 
possesses  two  rows  of  plates,  a  transverse  and  a  sagittal  (fig.  202). 
Locomotion  is  also  assisted  by  the  contractility  of  the  muscle  fibres 
of  the  gelatinous  tissue ;  this  contractility  in  the  band-shaped 
Cestidce  causes  an  undulating  motion  of  the  whole  body. 

The  mouth,  which  is  sometimes  surrounded  by  umbrella-shaped 
lobed  processes  of  the  gelatinous  tissue,  leads  into  a  wide  [Beroe)  or 
narrow  oesophageal  tube,  which  in  the  latter  case  soon  becomes 
flattened  and  broad.  The  oesophageal  tube  is  furnished  with  two 
hepatic  bands,  and  com- 
municates posteriorly; 
by  an  opening  capa- 
ble of  being  closed  by 
muscles,  with  the  gastric 
■  cavity,  or,  as  it  is  com- 
monly called,  the  in- 
fimdihulum.  The  long 
oesophageal  tube  projects 
and  opens  freely  into 
the  infundibukim,  and 
is  completely  surrounded 
by  the  gelatinous  sub- 
stance, as  far  as  the  level 
of  the  two  longitudinal  vessels  which  accompany  the  two  lateral 
surfaces  in  the  transverse  plane. 

The  infundibulum,  which  is  in  all  cases  compressed  in  a  direction 
at  right  angles  to  the  oesophageal  tube,  gives  ofi"  eight  vessels  to 
the  swimming-plates.  These  vessels  have  a  bi-radial  symmetry.  It 
also  gives  off  two  vessels,  which  are  dilated  into  two  terminal  sacs  ; 
the  latter  surround  the  sense-organ  at  the  aboral  pole,  Avhich  is 
known  as  the  otolith  vesicle,  and  each  of  them  opens  to  the  extei-ior 
by  an  orifice  which  is  placed  in  a  diagonal  plane  and  is  capable  of 
being  closed.  Two  tentacular  vessels  may  arise  from  the  bottom  of 
the  infundibulum.  The  internal  surface  both  of  the  oesophageal  tube 
and  of  the  infundibulum  and  its  vessels  seem  to  be  completely  clothed 
with  cilia. 


Fig.  203. — Aboral  end  of  Callianira.  bialata  (after  R. 
Hertwig).  X,  The  two  polar  spaces ;  w,  the  beginning 
of  the  eight  rows  of  swimming  plates,  between  which 
the  otolith  vesicle  and  the  nerve  plate  are  seen. 
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Up  to  the  present  time,  the  nervous  system  of  the  Gtenophora 
(hg.  203)  IS  but  imperfectly  known.  There  is  no  doubt  that  the 
large  vesicle  found  at  the  aboral  pole,  with  its  clear  iluid  and 
v.bratile  otoliths,  is  a  sense-organ  ;  it  is  also  exceedingly  probable 
taking  into  consideration  the  organisation  of  the  Acalepha  that 
the  central  nervous  system  of  the  dtenophora  is  contained  in  the 
thickened  base  of  the  vesicle,  the  Otolith  plate,  especially  as  the  latter 
IS  also  closely  united  with  a  second  sense-organ,  the  sagittal  pola;r 
areas,  which  have  already  been  described  by  Fol  as  olfactory  organs, 
and  is  also  directly  (connected  with  the  swimming  plates  by  eight 
ciliated  grooves. 

True  nematocysts  are  but  seldom  found  in  the  ectoderm  of  the 

Ctenophora,  but  they  are  represented  by 
peculiar  fixing  or  prehensile  cells,  the  base 
of  which  is  prolonged  into  a  spirally  coiled 
thread,  while  the  projecting  and  convex  free 
end  (tig.  204)  is  of  a  glutinous  consistence, 
and  becomes  readily  attached  to  any  object 
which  touches  it. 

The  Ctenojohora  are  hermaphrodite.  Both 
kinds  of  generative  products  arise  on  the  wall 
of  the  vessels  of  the  swimming  plates  or  of 
blind  sac-like  diverticula  of  the  same.  Some- 
times their  production  is  localised  (Gestum) ; 
sometimes  they  originate  along  the  whole 
length  of  the  canals,  one  side  of  the  latter 
being  beset  with  egg-follicles,  the  other  with 
sperm-sacs  (Beroe).  The  germ  layers,  which 
arise  from  the  ectoderm,  are  covered  by 
entodermal  epithelium,  and  are  separated 
from  one  another  by  a  projecting  fold. 
Ova  and  spermatozoa  pass  into  the  gastro- 
vascular  cavity,  and  are  ejected  through  the  apertures  of  the 


Fig.  204.  —  Smooth  muscle 
fibres,  prehensile  cells 
(Jcf),  and  tactile  cells  (0), 
from  the  lateral  filaments 
of  the  tentacle  of  Euplo- 
camis  stationia  (after  R. 
Hertwig).  //',  Prolonga- 
tion of  the  contractile 
thread  of  a  prehensile  cell. 


same. 


The  fertilized  ovum,  which  is  enclosed  by  a  loosely  fitting 
membrane,  consists,  as  in  the  case  of  many  Medusce,  of  a  thin  outer 
layer  of  finely  granular  protoplasm  (exoplasm)  and  a  central  food 
yolk  (endoplasm),  containing  vacuoles.  The  segmentation,  which  is 
complete,  leads  to  the  formation  of  two,  four,  eight  segmentation 
spheres,  each  of  which,  like  the  original  ovum,  consists  of  a  central 
mass,  surrounded  by  a  thin  layer  of  finely  granular  protoplasm 


In 
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the  stage  with  four  segments,  the  segments  are  so  disposed  that  two 
perpendicular  planes  placed  between  them  would  correspond  to  the 
two  principal  planes  of  the  fully  developed  animal.  Each  of  the  four 
spheres  gives  rise  to  one  of  the  four  quadrants  of  the  adult  animal 
(Fol.)  The  whole  mass  of  the  finely  granular  exoplasm  now  becomes 
collected  at  the  upper  end  of  the  segmentation  spheres,  where  it  is 
separated  off  and  gives  rise  to  eight  new  small  spheres.  These,  by 
continued  division,  break  up  into  a  great  number  of  small  nucleated 
cells,  which  increase  rapidly  and  grow  round  the  eight  large  seg- 
mentation spheres  or  the  cells  produced  from  them. 

The  young  Cteno2Jhora  sooner  or  later  leave  the  egg  membranes, 
and  at  this  period  differ  more  oi-  less  from 
the  sexually  mature  animal  in  the  simpler 
and  usually  more  spherical  form  of  the 
body,  in  the  small  size  of  the  tentacles 
and  swimming  plates,  and  in  the  differ- 
ence in  the  relative  size  of  the  oesophageal 
tube,  infundibulum,  and  vascular  canals. 
The  differences  are  most  striking  in  the 
lobed  Cteno])hora  (with  the  exception'  of 
Cestum),  the  embryos  of  which  have  a 
gTeat  similai'ity  to  the  young  of  Cijdi2}2}e, 
and  have  no  traces  of  bi-radial  structu.re. 
It  is  only  after  a  longer  period  of  larval 
life  that  the  completely  mature  form  is 
attained  by  the  unequal  growth  of  the 
swimming  plates  and  their  canals,  the  out- 
gro\vth  of  the  tentacle-like  processes,  and 
the  formation  of  two  lobe-like  projections 
round  the  mouth  from  those  halves  of  the 
body  which  correspond  to  the  longer  rows 
of  swimming  plates.     The  phenomenon 

remarked  by  Chun  is  worthy  of  notice,  that  the  young  of  Eucharis, 
while  still  in  the  larval  stage,  become  sexually  mature  during  the 
hot  period  of  the  year. 

The  Cteno2)hora  live  in  the  warmer  seas,  and,  under  favourable 
conditions,  often  appear  in  great  quantities  at  the  surface.  They 
feed  on  marine  animals  of  various  size,  which  they  capture  with 
their  tentacles.  Many,  as  the  Beroidce,  which  do  not  possess  tenta- 
cles, are  compensated  for  this  deficiency  by  the  possession  of  an 
unusually  large  mouth  (fig.  205),  by  means  of  which  they  are  able 


Fig.  205.  —  Beroe  ovatiis.  Ot, 
Lithocyst,  at  its  sides  are  the 
small  tentacles  of  the  polar 
areas  ;  Tr,  infundibuluin. 
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to  receive  relatively  large  bodies,  even  fishes,  into  the  wide  oesophageal 
tube,  and  to  digest  them.  Although  the  average  size  is  sniull,  some 
of  them,  as  Cestum,  Eucharia,  reach  the  length  of  a  foot. 

Fam.  Cydippidae.  Body  slightly  compressecl,  spherical  or  cylind.-ical,  with 
extremely  regular  development  of  the  swimming  plates.  Their  structure  is 
therefore  apparently  uctoradial .  Tlicy  posses  two  tentacles  ;  the  vessels  of  the 
stomach  and  swinimin-  plates  end  Ijlindly.  Cydijipe  hormipliora  Ggbr  = 
Horiinphora  plumom.  Ag.,  Mediterranean.  Exr.h>>rhnltz>a  mrdafa  Kol] 
Mediterranean.  "' 

Fam.  Cestidse.  liody  elongated  to  the  form  of  a  band  in  the  direction  of  the 
sagittal  plane.  Two  tentacles.  Vrxlllum  pavalldvm  Fol.,  Canary  Isles 
Crstiim.  ]'rnerh  J.css.,  Venus'  Girdle,  Mediterranean. 

Fam.  LobatBB.  The  laterally  compi'essed  l)ody  possesses  two  umbrella-like 
lobes  near  the  mouth,  and  has  relatively  small  tentacles.  Eurhamyhaca  vcvAU 
ligvra  Ggbr.,  Mediterranean  and  Atlantic  Ocean.  CMaja  papilloxa,  M.  Edw. 
{Alcinoc  papillom  Delle  Ch.  =  .VrapulU/ma  Less.),  Mediterranean. 

Fam.  Beroidse.  Characterised  by  the  laterally  compressed  body  with  fringe- 
like appendages  on  the  periphery  of  the  polar  spaces  ;  without  tentacles. 
Jicrdr  For.'ilialii  M.  Edw.  (alhrsmis  and  ritfcscem  Forsk.),  Idyiojms  Clarlti 
Ag.,  Pcuidora  Mcmmi/if/ii,  Esch. 


CHAPTER  VIII. 

E  CHINODE  EM ATA .  * 

Animals  with  a  radial,  usually  pentamerous  arrangement.  They 
2}ossess  a  skin  bearing  spicules  and  indurated  by  calcareous  deposits,  a 
digestive  canal,  a  water-vascidar  a2)p)aratus,  and  a  true  vascular  system. 

The  radial  arrangement  of  the  Echinoderms  was  for  a  long  time 
held  to  be  a  character  of  typical  valae,  and  was  the  principal  reason 
why,  smce  the  time  of  Cuvier,  the  Echinoderms  were  included  in 
one  group,  the  Radiata,  with  the  Meduste  and  Polyps.  It  is  only 
in  recent  times  that  R.  Leuckart  has  effected  the  separation  of  the 
Echinoderms  from  the  Ccelenterates. 

The  organization  of  the  Echinoderms  does  in  fact  appear  so  different 
from  that  of  the  Ccelenterates,  and  seems  to  belong  to  a  so  much 
higher  grade  of  development,  that  the  combination  of  the  two  groups 

*  Fr.  Tiedcmann,  "  Anatomie  der  Eohrenholothurie,  des  poraeranzfarbenen 
Heesternes  und  des  iStein-Seeigels,"  Heidelberg,  1820.  Job.  Miiller,  "  Uber  den 
Bau  der  Echinodermen,"  Abb.  der  Berl.  Akad,  1853.  Job.  Mliller,  "  Sieben 
Abliandlungen  iiber  die  Larven  und  die  Entwickeluug  der  Echinodermen."  Abb. 
der  Berl.  Akad,  ISiC),  1848,  18  49,  1850,  1851, 1852,  185-1.  A.  Agassiz.  Embryo- 
logy of  the  Starfish."  Contributions,  etc.,  Vol.,  V.  1864.  "E.  Metschnikoff, 
"  Studien  iiber  die  Entwickelungsgeschichte  der  Echinodermen  und  Nemer- 
tinen, "  St.  Petersburg.  1869,  H.  Ludwig,  "  Morphologische  Studien  an 
Echinodermen,"  Leipzig  1877  and  1878. 
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as  Racliata  is  inadmissible,  and  so  much  the  more  so  since  the  i-adial 
airangement  of  the  structure  exhibits  some  ti^ansitions  towards  a 
bilatei-al  symmetry.  The  EcJimodermata  are  separated  from  the 
Ccelenterata  by  the  possession  of  a  separate  aHmentary  canal  and 
vascular  system,  and  also  by  a  number  of  peculiar  features  both  of 
organization  and  of  development. 

The  arrangement  of  the  parts  round  the  axis  of  the  body  is  ttsually 
pentamerous.  Nevertheless  when  the  rays  are  more  numerous,  irre- 
gularities in  the  repetition  of  the  similar  organs  are  met  with.  If 
we  take  as  the  fundamental  form  of  the  Echinoderm  type  a  spheroid 
with  the  principal  axis  somewhat  shortened  and  the  poles  flattened 
and  dissimilar',  the  long  axis  of  the  i-adial  body  will  be  this  chief 
axis,  and  the  mouth  and  anus  the  two  poles  (oral  and  anal  poles). 
We  can  imagine  five  planes  pass- 
ing through  the  long  axis  of  this 
spheriod,  each  of  which  will  divide 
the  body  into  two  symmetrical 
halves.  The  perfect  correspondence 
of  these  halves  is,  in  the  body  of 
Echinoderms,  disturbed  by  the  dif- 
ferent forms  and  significance  of  the 
two  poles,  so  that  our  representation 
is  not  an  exact  one.  The  ten  meri- 
dians, which  are  separated  from  one 
another  by  equal  intervals  and  fall 
in  these  five  planes,  are  differently 
related  to  one  another,  inasmuch  as 
five  alternate  ones,  which  ai-e  called 
the  chief  rays,  or  radii,  contain  the 
most  important  organs,  the  nerves, 
the  vascular  trunks,  the  ambu- 
lacral  feet,  etc.,  while  the  other  five  meridians  constitute  the 
intermediate  rays  or  inter-radii,  and  also  contain  certain  organs 
(fig.  206).  It  is  only  in  cases  of  complete  equivalence  of  the  radii 
and  inter-radii  that  the  echinoderm  body  presents  a  pentamerous 
radial  arrangement  [regidar  EcJdnoderms).  It  is,  however,  easy  to 
show  that  this  regular  radial  symmetry  never  occurs  in  its  perfect 
form.  Since  one  organ  or  another,  e.g.,  the  madreporic  plate,  the 
stone  canal,  heart,  etc.,  always  remains  single,  and  does  not  fall  in 
the  axis  of  the  body,  it  will  be  only  those  planes,  in  the  radius  or 
inter-radius  of  which  the  unpaired  organs  fall,  which  can  fulfil  the 


R 


J 

riG.  206.— The  shell  of  a  regular  Sea- 
urchin  seen  from  above.  R,  Radius 
with  double  row  of  perforated  plates  ; 
J,  inter-radius  with  the  genital  organs 
and  their  pores.  In  the  right  ante- 
rior inter-radius  is  the  madrepcric 
plate. 
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conditions  which  admit  of  the  body  being  divided  into  two  exactly 

symmetrical  halves. 
Even  these  planes  do  not 
exactly  fulfil  these  con- 
ditions, since  the  re- 
maining organs  are  not 
strictly  symmetrical  in 
regard  to  such  a  plane. 

Very  frequently  one 
of  the  rays  differs  in  size 
from  the  others,  and 
then  we  have  an  irreg-w- 
larily  in  the  external 
form  of  the  Echinoderm, 
which  I'enders  the  bi- 
lateral symmetry  visible 
even  from  the  exterior. 
The  pentamerous  body 
of  the  Echinoderm  may 
become  bilateral,  the 
plane  of  the  unpaired 
ray  forming  a  median 
plane,  on  each  side  of  which  two  pairs  of  equal  rays  are  repeated. 
"We  can  distingui?h  an  upper  sur- 
face (apical  pole)  and  an  under 
(oral  pole),  a  right  and  left  side 
(the  two  paired  rays  and  their 
inter -radii),  an  anterior  end  (un- 
paired radius)  and  a  posterior 
(unpaired  inter-radius).  In  the 
irregular  Sea-urchins,  the  bilate- 
rally symmetrical  form  is  still 
more  strongly  marked.  Not  only 
is  the  unpaired  radius  of  abnormal 
size  and  form,  and  not  only  are 
the  angles  at  which  the  principal 
ray  and  the  accessory  rays  cut 
each  other  equal  only  in  pairs,  but  Fig.  208.— Sc/nrasfer  {Spatangidoe),  fi-om  tiie 

1       •     J.1      /~n  J   •  7      /n     ctr\n\        ventral  side.     O,  mouth:  A,  anus;  P, 

also  m  the  Glypecmtridea  (fig.  207),     ^,^^.^3  „f  .^^^  ambuiacrai  feet, 
the  a,nus  is  removed  from  the  dorsal 

pole  to  the  ventral  half  of  the  body  in  the  unpaired  inter-radiu-, 


Fig.  207.-— CI ypeaiiter  rogacenii,  from  the  dorsal  side.  The 
madreporic  plate  is  situate  in  the  centre  and  is  sur- 
rounded by  five  genital  pores  and  by  the  five-leaved 
rosette.  The  unpaired  radms  is  directed  forwards. 
At  the  side  is  the  median  portion  of  the  ventral  sur- 
face.   O,  mouth ;  A,  anus. 
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while,  in  Spatangidce,  both  poles,  or  only  the  oral  pole,  are  shifted 
in  the  direction  of  the  unpaired  radius,  and  become  eccentric 
(%.  208). 

Only  a  few  of  the  regular  Echinodermata  have  the  means  of  loco- 
motion on  all  the  five  rays,  and  seldom  then  along  the  whole  length 
of  their  meridians;  far  more  frequently  the  area  surrounding  the 
oral  pole  becomes  with  regard  to  the  position  during  movement  the 
ventral  sui-face ;  it  is  flatteued  and  mainly  or  entirely  possesses  the 
organs  of  locomotion  {com- 
bulaci'cd  surface).  These  re- 
lations always  obtain  among 
the  irregular  Echinoder- 
mata which  do  not  move 
indifferently  in  the  direction 
of  all  five  rays,  but  princi- 
pally in  that  of  the  unpaired 
one.  In  these  animals  the 
mouth,  and  therewith  the 
oral  pole,  being  pushed  to- 
Avards  the  anterior  edge, 
the  two  posteiior  radii 
(biviiom)  seem  principally 
concerned  in  the  formation 
of  the  ventral  surface  [Spa- 
tangidoi).  It  is  otherwise 
in  the  case  of  the  cylindrical 
Holothurians.  Their  mouth 
and  anus  preserve  the  nor- 
mal position  at  the  poles 
of  the  elongated  axis,  and 
the  body  is  not  unfrequently 
compressed  in  the  direction 
of  the  axis  in  such  a 
manner  that  three  radii  {trivium)  with  their  organs  of  locomotion 
are  placed  on  the  foot-Uke  ventral  surface.  On  the  body  of  these 
Holothurians  one  unpaired  and  two  paired  radii  can  be  distinguished, 
only  in  this  case  the  unpaired  radius  Avith  its  inter-radius  marks,  not 
the  anterior  and  posterior,  but  the  dorsal  and  ventral  surfaces. 

In  many  Echinoderms  (Echinoidea)  the  oblate  spheroidal  form  is 
the  prevalent  one.  The  principal  axis  appears  shortened,  the  apical 
pole  may  be  either  pointed  or  flattened,  and  the  ventral  half  is 


Fig.  209.  —  Cum  mar  la  witli  esteiided  dendritically 
branched  tentacles  {TJ.   Af,  ambulacral  feet. 
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Fig.  210.— Calcareous  bodies  from  the  integument  of  Holothu- 
rians.  a,  calcareous  wheels  of  Chirodota-  h,  anchor  vnfh 
supporting  plate  of  Synapta  ■  c,  chair-like  bodies  ;  d,  plates  of 
Holothtria  Impatietis  ;  e,  hooks  of  Chirodota. 


flattened  out  to  form  a  more  or  less  extended  surface.    The  cylin 

>nQ  «^  {lIololkuroLa) 

(fig.  209),  the  round  form  by  a  shortening  of  the  same  and  the  penta- 
gonal disc  by  the  latter  process  combined  with  a  simultaneous  elonL..- 
tion  of  the  radii.    If  the  radii  are  elongated  till  they  are  two  or  more 

times  the  length 
'^^^  of  the  inter-radii, 

the  form  takes 
the  shape  of  a 
star  (Asteroidea), 
which  may  be 
either  flat  or 
arched.  The  arms 
of  the  star  maybe 
simple  processes  of 
the  disc,  and  en- 
close a  part  of  the 
body  cavity  (Stel- 
leridea,  Star-fish),  or  they  may  be  more  independent  moveable  organs 
sharply  marked  off  from  the  disc,  and  as  a  rule  simple  {02ohiurid(e), 
but  sometimes  branched  {Euryalidce),  or  they  may  even  bear  simple 
jointed  side  twigs,  the  pinnulcn  (Crinoidea). 

An  important  characteristic  of  the  Echinodermata  is  the  indura- 
tion by  calca- 
reous deposits 
of  the  deeper 
layers  of  the 
integument 
(dermal  con- 
nective tis- 
sue), so  as  to 
give  rise  to  a 
solid  more  or 
less  moveable 
or  even  im- 
moveable ar- 
mour. In  the 
leathery  iTo^o- 

thuroidea  (fig.  210)  alone  these  skeletal  structures  are  confined  to 
isolated  calcareous  bodies,  which  are  embedded  in  the  integument,  and 
have  a  definite  form  of  latticed  plates,  wheels,  or  anchors.    In  these 


Fig.  211. — Skeletal  plates  of  Astropecten  Hemprichtii  (after  J.  Hiiller). 
BR,  dorsal  marginal  ossicles  ;  VJt,  ventral  marginal  ossicles ;  Ap, 
ambulacral  ossicles  ;  Jp,  intermediate  interambulacral  ossicles  ;  Adp, 
anterior  adambulacral  ossicles  projecting  into  the  mouth. 
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cases  the  clermal  muscular  system  is  strongly  developed,  and  has  the 
form  of  five  pairs  of  bundles  of  longitudinal  muscles,  external  to  which 
is  a  continuous  layer  of  circular  muscular  fibres  covering  the  internal 
surface  of  the  integument.  In  the  Star-fishes  and  Brittle-stars  a 
moveable  dermal  skeleton  is  formed  on  the  arms  consisting  of  calcare- 
ous masses  {amhulacral  ossicles),  connected 
together  like  vertebrte,  while  the  integu- 
ment of  the  dorsal  surface  is  filled  with 
calcareous  plates,  and  bears  projecting 
processes  and  spicules  (fig.  211). 

The  exoskeleton  in  the  Sea-urchins  is 
immoveable.  It  consists  of  twenty  meri- 
dional rows  of  solid  calcareous  plates 
immoveably  connected  together  by  their 
edges  so  as  to  form  a  firm  shell,  which 
is  continuous  except  at  the  two  poles, 
where  it  is  interrupted  by  membranous 
structures.  The  rows  of  plates  are  ar- 
i"anged  in  two  groups,  each  with  five 
pairs ;  of  which  the  one  group  is  radial 
in  position  and  consists  of  plates  pierced  by 
the  pores  for  the  exit  of  the 
ambulacral  feet  {ctmhulacral 
2)lates,  fig.  212) ;  the  other  be- 
longs to  the  inter-radii,  and  the 

plates  are  unpierced  {the  interambidacral  plates,  fig.  206, 
B,  J).  Near  the  apical  pole,  which  in  the  Crinoidea  and 
the  embryonic  Echinoidea  is  occupied  by  a  single  plate 
(central  plate),  there  is,  in  the  Sea-urchins,  a  small  area 
covered  with  minute  calcareous  plates  and  containing  the 
anus.  Around  this  area  the  five  ambulacral  and  the  five 
interambulacral  rows  terminate,  each  in  a  pentagonal 
plate;  the  foi^mer  ending  in  the  smaller  radial  ocular 
plates  (fig.  206),  the  latter  in  the  larger  inter-radial 
genital  plates.  The  Crinoidea,  in  addition  to  the 
dermal  skeleton  of  the  disc,  possess  a  stalk,  which  is 
composed  of  pentagonal  calcareous  masses,  arises  from 
the  dorsal  side  of  the  body,  and  becomes  attached  to  firm  sur- 
rounding objects. 

Amongst  the  appendages  of  the  dermal  armour,  the  numerous 
and  variously  shaped  spines  and  the  pedicellarise  must  be  mentioned. 


Pig.  212.  —  Third  ambulacrum 
of  a  youno:  Toxopneustes  droe- 
backensis  of  3  mm  (after  Loven). 
Opj  Ocular  plate  ;  P,  primary 
plates  and  tentacle  pores.  The 
sutures  of  the  primary  plates 
are  visible  on  the  plates ;  Sw, 
the  tubercles  to  which  the 
spines  are  articulated. 


Fig.  213.- 
Pedicella- 
ria  of  a 
Lnioddang 
(after  Per- 
rier). 
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The  former  are  moveably  articulated  to  the  knobbed  tuljercles  on 
the  shell  of  the  Sea-urchin,  and  are  raised  and  moved  laterally  l)y 
special  muscles  develo})e<l  in  a  soft  superficial  dermal  layer.  The 
pedicellariiB  (fig.  213)  are  stalked,  pi-ehensile  appendages  furnished 
with  two,  three,  or  more  rarely  four  jaws,  which  are  continually 
snapping  together.  They  are  esi)ecially  collected  around  the  mouth 
of  the  Sea-urchin  and  on  the  dorsal  surface  of  the  Star-fish. 
Small  transparent  bodies,  sjjhmridia,  are  found  in  the  living 
Sea-urchins,  and  probably  have  the  value  of  sense  organs.  In  the 
Spatangidce,  knobbed  and  ciliated  bristles  {clavulcn)  are  found  upon 

the  so-called 
fascioles. 

The  Echino- 
dermata  are 
especially  cha- 
racterised by 
the  possession 
of  the  peculiar 
water  -  vascular 
system  and  of 
the  distensible 
ambulacral  feet 
connected  with 
it  (figs.  214, 
215).  This 
ambulacral  vas- 
cular system 
consists  of  a 
circular  vessel 
su  rrounding 
the  oesophagus, 
and  of  five 
radial  vessels 


Fig.  214.— Diagram  exhibiting  the  relations  of  the  different  systems 
of  organs  in  an  JEchwiis  (after  Huxley).  O,  mouth  ;  A,  anus ;  Z, 
teeth  ;  L,  hps  ;  Anr,  auricula?  of  the  shell ;  re,  retractor  and  pro- 
tractor muscles  of  lantern  ;  Kg,  circular  ambulacral  vessel  ;  Po, 
pohan  vesicle  ;  S,  radial  vessel  of  the  same,  with  side  branches 
to  the  ambulacral  feet  (Am) ;  Sc,  stone  canal ;  M,  madreporic 
plate  ;  St,  spine  ;  Pe,  perticellarise. 


projecting  into  the  rays.  These  vessels  have  ciliated  internal  walls, 
and  contain  a  watery  fluid.  Very  frequently  a  number  of  vesicles, 
the  Polian  vesicles,  are  connected  with  the  circular  vessel,  also  a 
number  of  racemose  appendages,  the  significance  of  which  is  not 
fully  understood.  In  connection  with  the  circular  vessel  there^  is 
also  a  stone  canal  (in  rare  cases  more  than  one  are  present),  which 
permits  of  communication  between  the  sea  water  and  the  fluid 
contents  of  the  water  vascular  system.    This  canal,  which  is  so 


WATER-TASCULAB  SYSTEM. 


273 


called  on  account  of  the  calcareous  deposits  in  its  walls,  either 
hangs  within  the  body  cavity, 
whence  it  takes  up  fluid  through 
the  poi-es  in  its  walls  {Ilolotliu- 
rians),  or  ends  in  a  porous  calca- 
I'eous  plate,  the  madreporic  plate, 
which  is  inserted  in  the  external 
covering  of  the  body,  and  through 
the  pores  of  which  the  sea  water 
percolates  into  the  lumen  of  the 
canal  system.     The  position  of 
the  madreporic  plate  varies  con- 
siderably.   In  the  Clypeastridea 
it  is  at  the  apical  pole ;  in  the 
Cidaridea  and  Spatangidea  it  is 
interradial,  and  falls  in  the  an- 
terior right  inteiradius  near  the 
apex ;  in  the  Asteridea  it  is  also 
interradial  and  dorsal ;   in  the 
Euryalidce  and  the  Ophiuridoi  it 
lies  on  one  of  the  five  buccal 
plates.    Some  Echinoderms,  e.g., 
species  of  Ophidiaster  and  Echi- 
naster  echinites,  possess  several 
stone    canals    and  madreporic 
plates. 

On  the  lateral  branches  of  the  five  or  more  radial  trunks  are  found 

the  appendages  known  as  the 
amhulacral  feet  (fig.  216). 
These  are  extensible  tubes  or 
sacs,  which  pass  through  pores 
and  openings  in  the  dermal 
skeleton  and  project  on  the 
surface  of  the  body.  They 
are  capable  of  being  swollen 
out,  and  are  frequently  pro- 
vided with  a  sucking  disc  at 
their  free  extremity.  Con- 
tractile ampullse  are  placed  at 
the  point  of  junction  of  the 
tube  feet  with  the  side  branch  of  the  radial  vessel ;  they  force  the 

18 


Fig.  215. — Diagramatic  representation  of 
the  water-vascular  system  of  a  Star-fish. 
-Be,  Circular  vessel ;  Ap,  ampulla!  or  Polian 
vesicles  ;  8tc,  stone  canal ;  M,  madreporic 
plate  ;  P,  ambulacral  feet  connected  with 
the  side  twigs  of  the  radial  canals ;  Ap', 
the  ampullae  of  the  same. 


Fig.  216.— Diagrammatic  section  through  one  of 
the  arms  of  Aderacanthion  (after  W.  Lange). 
iV,  Nervous  system  ;  P,  amljulacralfeet ;  A, 
calcareous  portions  of  integument ;  T,  dermal 
branchia. 
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fluid  into  the  feet  and  cause  them  to  swell,  and  hence  to  project. 
A  number  of  feet  so  distended  affix  themselves  by  means  of  their 
sucking  discs ;  they  then  contract  and  draw  the  body  slowly  in 
the  direction  of  the  radii.  The  number  and  distribution  of  theso 
appendages   are  subject  to   numerous   modifications.  Sometimes 


they  are  arranged  in  rows  along  the  whole  length  of  the  meridian 
from  the  oral  region  to  the  periproct  {Cidaridea  and  Pentacta). 
Sometimes  they  are  scattered  irregularly  over  the  whole  surface 
of  the  body,  or  only  over  the  foot-like  ventral  surface,  as  in  the 


Fig.  218.— Longitudinal  section  tha-ougli  the  arm  and  disc  of  Solaster  endeca  (somewhat 
altered  after  G.  O.  Sars).  0,  mouth  leading  into  the  wide  stomach  ;  A,  anus  ;  £,  radia- 
hepatic  diverticulum  of  the  stomach  ;  G,  genital  organs  ;  Md,  madreporic  plate ;  Js,  inter- 
radial  diverticulum  of  the  rectum  ;  Af,  ambulacral  feet 


Eolothicrians.  In  some  cases  they  are  confined  to  the  oral  surface, 
as  in  all  the  Asteroidea.  We  are  able  therefore  to  distinguish  an 
ambulacral  and  an  antambulacral  zone— the  first  coinciding  with  the 
oral  and  ventral  surfaces,  the  latter  with  the  dorsal  surface.  Never- 
theless the  ambulacral  feet  are  variously  constructed,  and  do  not  m 
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all  cases  serve  for  locomotion.  In  addition  to  the  ambulacral  feet, 
gi-eat  tentacle-like  tubes  may  be  present  as  appendages  of  the  water- 
vasciilar  system;  the  circle  of  tentacles  I'ound  the  month  of  Holo- 
tkurians  (fig.  209)  is  composed  of  such  appendages.  We  also  find 
leaf-like  appendages 
ai-ranged  over  four 
or  five-leaved  rosette- 
shaped  areas,  forming 
the  ambulacral  gills  of 
the  Spatangidea  and 
Cliipeastridea  (figs. 
207  and  208).  The 
ii'i-egular  Sea-urchins 
all  possess  in  addition 
ambulacral  feet  upon 
the  ventral  surface. 
These  are  in  the  Cly- 
pmstridea  almost  mi- 
croscopic in  size ;  they 
are  very  numerous, 
and  are  arranged  in 
branched  rows  or  are 
irregularly  distributed 
over  the  surface. 

The  Echinodermata 
possess  an  alimentary 
canal  distinct  from 
the  body  cavity ;  it 
can  be  divided  into 
three  parts — cesopha- 
gus,  stomach,  and 
rectum.  The  anus  is 
placed  usually  at  the 
centre  of  the  apical 
pole,  rarely  in  an  inter- 
radius  on  the  ventral 
side.  The  intestine 
may,  however,  end 
blindly,  as  for  example 
m  all  the  Ophmridce  and  Eurycdidce,  also  in  the  genera  Astero- 
pecten,  Gtenodiscus,  and  Liddia,  which  have  no  anus.    The  mouth 


Fig.  219. — Holothuria  iuhulosa,  opened  longitudinally  (after 
M.  Edwards).  O,  Mouth  in  the  midst  of  the  tentacles 
(T)  ■  B,  digestive  canal ;  Sc,  stone  canal ;  P,  Polian 
vesicle  ;  Rg,  ciixular  vessel  of  the  water-vascular  system  ; 
Oe,  ovaries ;  Ag,  ambulacral  vessel ;  M,  longitudinal' 
muscles;  Gf,  vessel  to  the  intestine;  CI,  cloaca;  Wl, 
respiratory  trees.  ' 
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is  often  surrounded  by  projecting  skeletal  plates  armed  with 
spicules.  There  may  even  be  developed,  as  in  the  Cidaridea  and 
Clypeastridea,  pointed  teeth  covered  with  enamel,  constituting  a 
powerful  masticatoiy  apparatus,  which  again  is  supported  around 
the  ciesophagus  by  a  system  of  plates  and  rods.  This  apparatus  is 
known  as  Aiistotle's  Lantern  (fig.  214).  In  the  Ilolothurians,  on 
the  other  hand,  there  is  a  calcareous  ring  i-ound  the  oesophagus.  It 
is  formed  of  ten  pieces,  and  serves  for  the  attachment  of  the  longi- 
tudinal bundles  of  the  dermal  muscles. 

In  the  Star-fishes  the  digestive  canal  is  invariably  short,  sac-like, 
and  beset  with  branched  blind  appendages,  some  of  which  lie  in  the 
disc,  while  some  project  a  long  way  into  the  arms.  In  the  Asleroidea 
we  find  five  pairs  of  strongly  developed  multilobed  diverticula  of 
the  middle  division  of  the  alimentary  canal  (fig.  218).  The  five 
diverticula  of  the  short  i-ectum  which  fall  in  the  interradii  are 
much  shorter,  and  perhaps  perform  the  function  of  kidneys,  while 
the  longer  diverticula  increase  the  digesting  surface.  In  the  other 
Echinoderms  the  narrow  intestine  is  much  increased  in  length,  and 
is  either,  as  in  Comatula,  coiled  round  a  spindle  in  the  axis  of  the 
disc,  or,  as  in  the  Sea-urchins,  describes  some  convolutions  (fig.  217), 
and  is  attached  to  the  inner  surface  of  the  shell  by  fibres  and 
membranes.  In  the  Holothurians  also  the  intestine  is,  as  a  rule, 
much  longer  than  the  body,  and  is  usually  folded  upon  itself  three 
times  and  attached  by  a  sort  of  mesentery  (fig.  219). 

The  true  vascular  system  is  very  difficult  to  trace.  It  consists  in 
most  Echinoderms  of  a  ring-like  vascular  plexus  surroimding  the 
oesophagus.  Erom  this  circular  vessel  radial  vessels  pass  off  one  to 
each  ray,  and  these  trunks  again  give  off  other  branches.  There  is 
in  addition  on  the  dorsal  surface  a  second  circular  vessel,  which  sends 
off  branches  to  the  stomach  and  generative  organs.  These  two 
vascular  rings  are  connected  by  a  supposed  heart,  which,  according 
to  Ludwig,  consists  of  a  close  plexus  of  contractUe  vessels.  In  the 
Holothurians,  besides  the  vascular  ring  round  the  oesophagus,  only 
two  trunks  with  their  branches  to  the  intestine  are  known.  The 
blood  is  a  clear,  slightly  coloured  fluid,  in  which  numerous  coloui'less 
blood  corpiiscles  are  suspended. 

Special  organs  of  respiration  are  by  no  means  universaUy  found. 
The  entire  surface  of  the  external  appendages,  as  well  as  the  surface 
of  the  organs  suspended  in  the  body  cavity,  and  especially  of  the 
intestine,  appear  to  play  a  part  in  the  exchange  of  the  gases  of  the 
blood.    The  sea-water  very  likely  enters  by  the  pores  in  the  madre- 
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poi-ic  plate  into  the  body  cavity,  and  is  kept  in  active  movement  by 
the  cilia  which  line  the  body  cavity  and  the  pevihremal  canals ;  in 
this  way  the  surface  of  the  internal  organs  is  continually  bathed  by 
water.  The  leaf -like  and  pinnate  ambulacral  appendages  {amhulacral 
hranchice)  of  the  irregular  Sea-urchins  are  regarded  as  special  organs 
of  respiration,  as  also  ai'e  the  cfecal  tubes  (dermal  branchiae),  which 
project  from  the  surface  of  the 
integument  and  communicate  with 
the  body  cavity  in  some  regular 
Sea-urchins  and  in  the  Asteridea. 
These  dermal  branchiae  are  dis- 
tributed in  the  Asteridea  over  the 
whole  dorsal  surface  as  simple  tubes, 
and  in  the  Echini  they  surround 
the  mouth  as  five  pau-s  of  branched 
tubes.  Lastly  there  are  the  so-called 
respiratory  trees  of  Holothurians  ; 
these  are  two  large  tree-like  branched 
tubes  which  open  by  a  common  stem 
into  the  cloaca.  The  water  which  is 
taken  into  these  organs  can  be  again 
ejected  with  great  force  (fig.  219). 

The  nervous  system  (fig.  220)  consists  of  five  principal  nerves 
running  down  the  five  rays.  These  nerves  in  the  Asteridea  lie  imme- 
diately beneath  the  epidermis  of  the  ambulacral  groove,  external  to 
the  radial  blood  vessel  and  water  vascular  trunk:  they  send  ofi" 

numerous  fibres  to  the  ambulacral  feet, 
the  muscles  of  the  spines,  pedicellarite,  etc. 
These  ectodermal  bands  may  be  looked 
upon  as  the  central  part  of  the  nervous 
system  {"ambulacral  brains"  of  J.  Miiller), 
Near  the  mouth  they  divide  into  two  parts, 
which  unite  with  corresponding  branches 
from  the  other  radial  trunks  to  form  a 
nervous  ring  containing  ganglion  cells. 

The  tentacle-like  ambulacral  feet  which 
in  the  Asteridea  and  Opliiuridea  are 
present  in  simple  number  at  the  end  of  the  arms  are  supposed 
to  have  the  value  of  tactile  organs.  The  same  significance  has 
been  attributed  to  the  tentacles  of  the  Holothurids  and  to  the 
pencH-Uke  tactile  feet  of  the  Spatancjidcs.    Organs  resembling  eyes 


Fig.  220. — Diagram  of  the  uervous  sys- 
tem of  a  Star-fish.  N,  The  nerve  ring 
connecting  the  five  ambulacral  cen- 
tres. 


Fig.  221.  —  Aifropecten  auran- 
tiacits,  end  of  ray  with  the  eye 
(Oe)  surrounded  by  spicules 
(after  B.  Haeckel). 
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have  been  found  in  the  Echinoidea  and  Asteridea.  In  the  former 
{Cidaridea)  there  are,  on  special  plates  {ocular  j)lo^tes),  at  the  apical 
pole,  five  tentacle-like  prominences,  in  each  of  which  a  nerve  ends. 
The  eyes  of  the  Asteridea  are  most  accurately  known.  According  to 
Ehrenberg's  discovery,  they  have  the  form  of  red  pigment  spots,  and 
lie  on  the  ventral  side  of  the  rays  at  the  distal  end  of  the  ambulacral 
groove.  They  are  spherical  pedunculated  prominences,  and  the 
convex  surface  is  covered  by  a  simple  membrane,  which  hides  a 
number  of  conical  simple  eyes  (fig.  221).  The  simple  eyes  appear  to 
have  their  axes  directed  towards  a  common  point.  They  each  con- 
sist of  a  red  mass  of  pigment  surrounding  a  refractive  body,  and  a 

nervous  apparatus. 

Reproduction  is  mainly 
sexual,  and  separate  sexes 
are  the  rule.  Only  Sy- 
napta  and  Ami^hiura 
are  hermaphrodite.  The 
oi'gans  of  reproduction 
of  the  two  sexes  are  ex- 
tremely alike,  so  that  if 
it  were  not  that  the  colour 
of  the  generatiA^e  products 
is  different, — the  seminal 
fluid  is  mostly  white  and 
the  ova  red  or  yellow, — 
a  microscopical  examina- 
tion of  the  contents  of 
the  generative  glands 
would  be  the  only  means  of  distinguishing  between  them.  Sexual 
differences  of  the  external  form  or  of  definite  parts  of  the  body  are 
only  very  rarely  present,  since  as  there  is  no  copulation  the  sexual 
functions  are  usually  confined  to  the  secretion  and  preparation  of  the 
generative  material.  Ova  and  spermatozoa,  with  some  rare  excep- 
tions, first  come  in  contact  in  the  sea  water  outside  the  body  of  the 
mother.  Internal  fertilization,  which  is  very  rare,  occurs  in  several 
viviparous  species  of  Amphiura  and  Pliyllopliorus.  The  number  and 
position  of  the  generative  organs  are  generally  in  strict  correspondence 
with  the  radial  structure:  nevertheless  there  are  numerous  excep- 
tions to  this.  In  the  regular  Echinoidea,  five-lobed  ovaries  or  testes, 
which  are  composed  of  branched  blind  tubes,  lie  in  the  interradii  on 
the  internal  surface  of  the  dorsal  part  of  the  shell  (fig.  222).  The 


Fig.  222. — Genital  organs  of  i?eAiM«s.  .<4ci,  Eectiun  ;  ff, 
genital  glands  lying  on  tlie  interambulacral  plates  ;  a, 
rows  of  ampullas. 
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ducts  of  these  glands  are  five  in  number,  and  open  to  the  exterior 
through  five  openings  in  the  skeletal  plates  (genital  plates)  around 
the  apical  pole  (figs.  206,  222).  In  the  irregular  SjJatangidm  the 
genei-ative  organ  of  the  posterior  interradius  is  always  absent,  and 
the  number  of  glands  may  be  three  or  two.  In  the  Asteridea  the 
five  pairs  of  genital  glands  have  the  same  interradial  arrangement  : 
sometimes  however-,  they  project  into  the  arms  :  the  apertures  for 
the  exit  of  the  generative  products  lie  on  the  dorsal  side,  and  in 
each  interradius  two  places  may  be  found,  each  of  which  is  pierced  in 
a  sieve-like  manner  by  a  number  of  such  openings  (fig.  223).  In  the 
Ophiuridce  ten  lobed  generative  glands  composed  of  a  number  of 
blind  tubes  are  developed  around  the  stomach ;  their  products  pass 
through  special  passages  into  pouches,  and  from  thence  to  the 
exterior  through  paired  slits  on  the  ventral  side  between  the  arms. 
The  generative  glands  of  the  Grinoidea 
are  concealed  in  the  arms  and  pinnules. 
In  the  Holothurians,  the  generative 
organs  are  reduced  to  one  branched 
gland,  the  duct  of  which  opens  to  the 
exterior  not  far  fi'om  the  anterior  pole 
of  the  body  on  the  dorsal  side  (fig.  219). 

The  development  of  the  Echinodermata 
presents  as  a  rule  a  complicated  meta- 
morphosis, and  is  characterised  by  the 

possession    of     bilateral    larval     stages.    Fig.  223.— Part  of  the  inter-radius  of 

Many  Holothurians  are  developed  with-     ^  {Soiasterj  with  the  gen- 

^  ^  eratiTe  glands  ( Q)  and  the  groups 

out  passing  through  these  larval  stages,      of  pores  (sieve  plates)  on  the  dor- 
„™„     „  j-„'       o  1  •  sal  skin  (after  J.  Miiller  and  Tros- 

as    also    are    certain    bea-urchms,   as  ^.j^^^ 
Anochanus,  ffemiaster,  and  some  Aste- 

roidea,  which  are  either  viviparous  {Am2Jhiura  squamata)  or  lay  only 
a  small  number  of  eggs,  and  protect  them  during  their  development 
in  a  brood  pouch.  In  these  cases  also  the  first  stage  is  a  ciliated 
embryo,  which  is  either  developed  directly  or  passes  through  a  much 
simplified  metamorphosis. 

In  the  cases  of  a  complicated  metamorphosis,  the  ovum,  after  under- 
going a  nearly  equal  segmentation,  gives  rise  to  a  spherical  embryo, 
the  cellular  wall  of  which  is  ciliated  and  encloses  a  central  gelatinous 
substance  (fig.  103).  A  pitlike  dep  ression  of  the  cellular  wall  gives 
rise  to  the  first  rudiment  of  the  alimentary  canal,  and  the  opening 
of  this  depression  (gastrula  mouth)  to  the  anus.  The  ciliated  embryo 
becomes  elongated  and  gradually  takes  the  form  of  a  long,  oval,  more 
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or  less  pear-shaped  larva,  in  which  a  slightly  arched  dorsal,  two 
symmetrical  lateral,  and  a  saddle-shaped  ventral  surface  can  be  dis- 
tinguished. The  cilia  which  are  concentrated  upon  the  raised  edge 
of  the  ventiul  depression  give  rise  to  a  continuous  ciliated  band 
which  serves  as  a  locomotive  apparatus.  [This  band  first  appears  as 
two  separate  ciliated  ridges  placed  transversely,  one  in  front  of,  and 
the  other  behind  the  mouth  (fig.  224,  3).  These  soon  become' con- 
nected laterally.]  The  alimentary  canal,  which  has  now  acquired  an 
anterior  opening,  the  mouth,  consists  of  three  portions, — the  oeso- 
phagus, the  stomach,  and  the  intestine.  The  wide  mouth  leading 
into  the  cesophagus  is  situated  within  the  band  of  cilia  on  the 
ventral  surface ;  the  anus  is  also  ventral,  but  external  to  the  ciliated 
band  in  the  region  of  the  posterior  pole.    Before  the  appearance 
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Fig.  224. — Larval  development  of  Asterueanthion  \berylimis  (aftei*  A.  Agassiz)  (for  earlier 
stages  see  fig.  103).  1,  stage  where  the  mouth  (O)  has  just  appeared,  represented  in 
profile;  A,  blastopore  (anus);  D,  intestine;  Vp,  vaso-peritoneal  sac.  2,  Somewhat  older 
stage  in  surface  view  with  two  separated  vaso-peritoneal  sacs.  3,  Later  stage,  from  the 
ventral  side,  with  two  transverse  ciliated  ridges  (W) ;  the  sac  on  the  left  side  has  an 
excretory  pore.   4,  Young  Bipinnaria  with  double  band  of  cilia  (W). 

of  the  mouth,  another  organ  is  separated  from  the  alimentary  canal : 
this  is  a  sac-like  ciliated  tube,  which  opens  to  the  exterior  by  a  pore 
on  the  dorsal  surface,  and  represents  the  first  commencement  of  the 
ambulacral  system.  A  second  organ,  which  also  has  its  origin  from 
the  rudimentary  digestive  canal,  consists  of  the  disc-shaped  lateral 
sacs  (fig.  224),  from  the  walls  of  which  the  peritoneal  lining  of  the 
body  cavity  is  produced. 

With  their  progressive  development  the  lai-vas  of  the  Sea-urchin, 
the  Starfish,  and  the  Holothurian  divei-ge  more  and  more  widely  from 
one  another.  The  raised  edge  of  the  depression  just  mentioned,  with 
its  band  of  cilia,  becomes  bent  and  prolonged  into  processes  (tig. 
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larvae  of  the  Asteridea 
0 


225)  of  difterent  form.  These  processes  ai-e  arranged  with  a  strict 
regard  to  bilateral  symmetry,  and  their  number,  position,  and  size 
essentially  determine  the  special  shape  of  the  body.  An  anterior 
and  a  posterior  ventral  region  of  the  band  of  cilia  can  be  distinguished 
from  the  lateral  parts  which  form  the  dorsal  portions ;  the  latter  curve 
round  and  pass  into  the  former  at  the  anterior  and  posterior  ends  of 
the  body  (fig.  225,  b).  The  dorso-lateral  parts  may,  however,  unite 
anteriorly  with  one  another  without  passing  into  the  anterior  ventral 
band ;  in  this  case  the  anterior  continuations  of  the  latter  pass 
directly  into  one  another  so  as  to  form  an  independent  prteoral  ring, 
while  the  dorso-lateral  and  posterior  ventral  portions  of  the  origin- 
ally continuous  band  form  a  longitudinally  directed  post-oral  ring. 
This  arrangement  is  characteristic  of  the 
[JBipi7inarict, 
BracMolao'ia). 
In  all  other 
forms  a  single 
longitudinal 
band  of  cilia 
only  is  pre- 
sent. In  the 
larvae  of  Holo- 
thurians,  the 
Auricularia 
(fig.  225),  the 
processes  re- 
main short 
and  soft;  they 
are  found  on 
the  dorso- 
lateral edges  and  on  the  posterior  dorso-ventral  arch  of  the  band 
of  cilia;  they  also  appear  on  the  posterior  ventral  (umbrella)  and 
the  anterior  ventral  (oral  shield)  parts  of  the  band.  Tlie  processes 
have  a  similar  disposition  in  Bipinnaria,  where,  however,  they 
are  often  much  longer,  but  are  in  this  case  also  not  provided 
with  calcareous  rods.  The  Brachiolaria  .are  distinguished  from  the 
Bipinnaria  by  the  possession  of  three  anterior  arms,  which  are  placed 
between  the  anterior  portions  of  the  two  rings  of  cilia,  and  serve  as  a 
fixing  apparatus.  The  bilateral  larvae  of  the  Ophiurids  and  Sea-  Urchins, 
the  so-called  Pluteus  forms,  are  distinguished  by  their  large  rod- 
shaped  processes,  which  are  supported  by  a  system  of  calcareous  rods. 


Fi&.  225.— Atirimlaria.  larvEe  (after  J.  Muller).  a,  from  the  dorsal  side  ; 
i,  from  the  ventral  side.  0,  moutli  beneath  the  oral  shield  ;  Oe,  oeso- 
phagus ;  M,  stomach  ;  JD,  intestine  with  anus  (A) ;  F,  peritoneal  sac ; 
V,  Water-vascular  rosette  with  pore ;  S,  calcareous  wheel-hke  bodies. 
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The  Pluteua  larvaj  of  the  OiJhmrids  possess  long  lateral  arms  on 

the  anteiior  dorso- 
f\IU  ventral  arch  of  the 

band,  on  the  dorso- 
lateral edge,  and  on 
the  edge  of  the  pos- 
terior ventral  hood. 
The  Pluteus  larva  of 
the  Sea-urchin  has  no 
lateral  arms,  but  pro- 
cesses are  developed 
on  the  edge  of  the 
anterior  ventral  hood 
(fig.  226).  The  larvae 
of  the  S'patangiclce^re 
characterised  by  an 
unpaired  apical  rod, 
and  those  of  Echinus 
and  Echinocidaris  by 
the  presence  of  cihated 
epaulettes  (fig.  227). 
laterally  symmetrical  larva  with  its 


Fig.  226. 


-Pltiteus  of  a  Spatanffiis  with  so-called  apical  rod 
(St)  (after  J.  Muller). 


The  transformation  of  the 
bilateral  processes  and  com- 
plicated organization  into  the 
body  of  the  adult  Echino- 
derm  is  not  in  all  cases 
effected  in  the  same  manner. 
In  the  Sea-urchins  and  Star- 
fishes the  young  animal  is 
developed  -by  a  process  of 
new  formation  within  the 
body  of  the  larva,  the 
stomach,  intestine,  and  dorsal 
sac  alone  persisting ;  while 
the  transformation  of  the 
Auricularia  into  SyncqJta 
takes  place  without  the  loss 
of  so  many  parts  of  the  larva, 
the  young  passing  through  a 
pupa-like  intermediate  stage. 
In  the  first  case  a  mass  of 


Fig  227. — Plnfetiii  larva  of  Ecltinm  lividits  with  four 
cUiated  epaulettes  (We)  (after  E.  Metschnikoff) 
from  the  ventral  side.   O,  Mouth  ;  A,  anus. 
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interstitial  tis&ue  filled  with  round  cells  is  formed  external  to 
the  lateral  discs,  and  with  participation  of  the  thickening  skin. 
This  tissue  becomes  the  seat  of  calcareous  deposits,  and  forms 
the  dermal  skeleton  of  the  adult  Echinoderm  (fig.  228  a,  b). 
The  canal  of  the  dorsal  pore  has  in  the  meantime  changed  its 
simple  form  and  developed  into  the  circular  vessel  with  diverti- 
cula, which  are  destined  to  become  the  ambulacral  trunks.  As 
development  progresses,  the  young  animal  appears  as  a  more  or  less 
spherical  or  pentagonal  body,  or  as  a  star  with  short  arms,  in  propor- 


b 


Fig.  22S.—Eipinnaria  from  Triest  forming  a  stage  in  the  development  of  the  Star-flsh 
(St)  (after  J.  Miiller).  a.  Earlier  stage.  M,  stomach ;  A,  anus ;  T",  ambulacral  rosette 
with  ciliated  tube  opening  by  the  dorsal  pore ;  S,  stone  canal,    h,  Older  stage. 

tion  as  it  predominates  over  the  larva.  Finally,  after  the  sprouting 
out  of  the  ambulacral  feet,  the  young  Echinoderm  becomes  separated 
from  the  larval  body,  which  not  unfrequently  remains  attached  to 
the  former,  like  the  remnants  of  a  broken-down  framework.  The 
stomach,  which  is  taken  into  the  interior  of  the  body  of  the 
Echinoderm,  is  torn  from  the  oesophagus  of  the  larva  {Bipinnaria), 
and  acquires  a  new  oesophagus  and  mouth.  The  dorsal  pore  becomes 
the  pore  of  the  madreporic  plate. 

The  Synaptidce,  on  the  contrary,  are  formed  by  the  transformation 
of  the  entire  body  of  the  Auricularia.    Eive  tentacles  appear  in  front 
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of  the  stomach  and  the  circular  vessel,  which  is  formed  from  the 
dorsal  tube.    They  are  at  first  enclosed  in  a  cavity,  fi-om  which  later 

on  they  peneti-ate  to  the  exterior. 
The  larva  retracts  its  lateral  lobes 
and  transforms  itself  into  a  barrel- 
shaped  body  with  five  transverse 
rows  of  cilia,  and  loses  the  mouth 
and  dorsal  poi-e  (fig.  229).  The 
ambulacral  system  gradually  de- 
velops further,  the  intestine  l)e- 
comes  longer,  the  first  five  tentacles 
break  through  to  the  exterior,  the 
mouth  appears  at  the  anterior  pole, 
and  the  first  suctorial  foot  with  its 
ambulacral  vessel  is  seen  on  the 
ventral  surface  (fig.  230).  The 
animal  gradually  loses  the  bands  of 
cilia,  and  as  a  young  Holothurian 
creeps  about  by  means  of  its  ten- 
tacles and  of  the  first  ambulacral 
foot,  which  is  soon  followed  by  a 
second  new  one. 

In  the  more  direct  development 
the  bilateral  larval  form  seems  to  be  completely  suppressed,  and  the 
time  of  free-swimming  life  shortened  or  altogether  dispensed  with. 
In  these  cases,  protective 
arrangements,  such  as  brood 
pouches,  are  always  present 
in  the  mother.  The  brood 
pouch  of  Pter aster  militaris 
is  the  most  carefully  pro- 
tected. It  lies  above  the 
anus  and  generative  open- 
ings ;  its  walls  are  highly 
charged  with  calcareous 
matter,  and  they  are  raised 
above  the  spicules  on  the 
back.  From  eight  to  twenty 
ova  (1  mm.  in  diameter)  pass  into  the  interior  of  the  brood  pouch, 
and  are  there  developed  into  oval  embryos,  which  acquire  several 
sucking  feet  and  assume  later  the  form  of  a  star  with  five  rays. 


Fig.  229.— Auricularia  pupa  of  Synapta 
seen  in  profile  (after  E.  Metsclinikofl). 
The  mouth  is  already  lai-ge,  so  that 
the  tentacles  (T)  can  be  protruded. 
Wr,  Ring  of  cilia;  Pe,  Pi,  somatic 
and  visceral  layers  of  the  peritoneal 
sacs;  Ob,  auditory  vesicle;  Po,  pore 
of  the  water-vascular  system;  S,  cal- 
careous wheel-shaped  body. 


Fig.  230. — Young  Holothurid  with  extended  ten- 
tacles (T),  swimming  and  creeping  (after  J. 
Miiller). 
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The  formation  of  the  embryo  takes  place  thus:  four  shield-like 
;  thickenings  are  formed  upon  one  segment  of  the  ovum,  and  beneath 
)  them  several  ambulacral  feet  make  their  appearance.  The  star  is 
I  developed  by  the  increase  in  size  and  number  of  these  discs  and 
i  ambulacral  feet.  At  this  period  of  development  we  can  distinguish 
t  the  cii-cular  ambulacral  vessel  surrounding  a  central  hemispherical 
I  projection  of  the  oral  disc,  also  the  five  vascular  trunks  and  2 — 3 
I  pairs  of  sucking  feet  in  each  ray.  In  other  cases,  the  brood  pouch 
;  is  formed  upon  the  ventral  surface  of  the  Star-fish,  e.g.,  Echinaster 
i  Sarsii,  and  the  embryo,  which  is  completely  ciliated,  is  provided 
!  at  the  anterior  end  with  a  knobbed  process.  The  latter  is  divided 
I  into  several  structures  (Haftzapfchen),  which  serve  as  organs  to 
attach  the  body  of  the  embryo  to  the  wall  of  the  brood  pouch, 
j  Suctorial  feet  are  now  formed  in  each  ray,  two  paired  and  one 
1  unpaired,  the  latter  lying  nearest  to  the  angle  of  the  pentagon. 
The  five  angles  become  more  and  more  projecting,  and  acquire 
i  eye  spots  and  ambiilacral  grooves.  Spicules  appear,  and  the 
]  mouth  perforation  is  formed,  the  fixing  organ  aborts,  and  the  em- 
'  bryos  escape  from  the  maternal  brood  pouch ;  and  being  at  this 
ij  time  capable  of  creeping  and  of  noui-ishing  themselves  independently, 
\  they  gradually  develop  into  small  star-fishes.  The  mode  of  deve- 
lopment is  the  same  in  Asteracanthion  Miillerii,  and  some  Ophiurids, 
as  Amphiurd  squamata. 

Amongst  the  Holothurids  [H.  tremula)  the  simple  and  more  direct 
development  was  first  observed  by  Danielssen  and  Koren,  and  later 
by  Kowalevski,  in  Phyllophorus  urna,  and  by  Selenka,  in  Cuciwiaria 
doliolum.  In  the  first  case  the  embryo  leaves  the  egg  in  the  form  of 
a  ciliated  larva,  which  soon  assumes  a  pear  shape,  and  develops  the 
circular  vessel  of  the  water-vascular  system,  and  five  tentacles  round 
the  mouth.  The  alimentary  canal  and  the  dermal  skeleton  make 
J  their  appearance  before  the  five  tentacles  have  assumed  the  function 
of  locomotion  in  place  of  the  cilia  which  have  disappeared.  Later  on, 
ynth  the  progressive  growth,  the  tentacles  become  branched,  and  two 
ventral  feet  appear,  which  put  the  bilateral  symmetry  of  the  larva 
beyond  all  doubt.  In  all  cases,  even  in  the  cases  of  a  more  direct 
development,  the  radial  symmetry  of  the  adidt  Echinoderm  appears  to 
he  preceded  hy  a  bilateral  symmetry  of  the  larva. 

All  the  Echinoderms  are  inhabitants  of  the  sea  ;  they  are  capable 
of  a  slow,  creeping  movement,  and  feed  on  marine  animals,  especially 
on  Mollusca,  but  also  on  Fvici  and  sea-weeds.  Some'  are  found  near 
the  coast  at  the  bottom  of  the  sea,  others  occur  at  considerable 
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deptlis.  Many  possess  a  great  reproductive  power,  and  are  able  to 
replace  lost  parts,  such  as  arms,  with  all  their  apparatus  of  nerves 
and  sense  organs. 

CLASS  I.— CRINOIDEA.* 

Globular  or  cuj>-8ha'pe,d  Echinodermata  with  segmented  arms  fi- 
nished with  jnnnulce.    They  are  ttsually  attached  hy  a  seyrmnted 

calcareous  stalk.  The 
skin  upon  tlie  ahoral 
side  is  provided  with 
plates,  the  ambulacral 
appendages  Imve  the 
form  of  tentacles,  a'nd 
are  situated  in  the 
ambulacral  furrows  of 
the  calyx  and  of  the 
segmented  arms. 

The  greater  number 
of  Crinoidea  are  cha- 
racterised by  the  pre- 
sence of  a  segmented 
stalk  bearing  cirri. 
This  stalk  arises  from 
the  apical  (dorsal)  pole 
of  the  calyx,  and  is 
attached  at  the  in- 
ferior end  to  surround- 
ing objects  (fig.  2.31). 
In  some  few  Hving 
genera,  as  Comatida 
(fig,  232)  and  Actino- 
metra,  this  stalk  is 
only  present  in  the 
young  form.  The  body 
with  the  contained  viscera  appears,  therefore,  as  the  calyx  at  the 
upper  end  of  the  stalk,  and  only  in  exceptional  cases  is  directly 

*  J.  S.  Miller,  "  A  Natural  History  of  the  Crinoidea  or  Lily-shaped  Animals." 
Bristol,  1821.  J.  V.  Thompson,  "  Snr  le  Pentacriniis  Europfeus,  I'etat  de 
jeunesse  du  genre  Comatula,"  L'institut,  1835.  J.  Miiller,  "  Ueber  den  Bau 
von  Pentacrinus  caput  Medusfe,"  Ahltaiidl.  der  Bcrl.  Aliad.,  1841.  J.  Miiller, 
"Ueber  die  Gattung  Comatula  und  ihre  Arten,"  Abliandl.  der  Berl.  Aliad., 
1847.  Leop.  v.  Buch,  "Ueber  Cystideen,"  Abhandl.  der  Bcrl.  AMd.,  1844. 
Ferd.  Eomer,  "  Mouograpbie  der  fossilen  Crinoideen  familie  der  Blastoideen," 


Fi&.  231. — Pentacrinus  caput  Meiusce  (after  J.  Miiller). 
O,  mouth ;  A,  anus,  of  the  disc,  which  is  represented,  from 
the  oral  side. 
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attached  by  its  dorsal  apex.  The  segments  of  the  stalk,  which  are 
mostly  pentagonal,  are  connected  by  bands  of  tissue,  and  are  pierced 
by  a  central  canal,  which  serves  for  nutrition,  and  contains  a  central 
and  five  peripheral  blood  vessels ;  at  certain  distances  they  bear 
hollow  and  segmented  ciiii,  which  are  arranged  in  whorls. 

The  dorsal  surface  of  the  calyx  is  covered  externally  by  regularly 
arranged  calcareovis  plates,  while  the  upper  (ventral)  surface,  on 
which  the  mouth  and  anus  are  situate,  is  clothed  with  a  leathery 


Fig.  232— Comatula  mediterranea  represented  from  the  ventral  side.    O,  mouth ; 
A,  anus.   The  pinnulse  are  filled  with  the  generative  products. 

skm.     At  the  margin  of  the  cup  there  arise  movable,  simple  or 
forked,  and  often  branched  arms,  which  are  supported  by  a  solid 
,   framework  consisting  of  dorsally  placed  calcareous  plates,  which 
are  movable  upon  one  another  by  special  muscles.     In  almost 

'    f^'f^i-/'"'  ^^aturgesch,  1851.    W.Thompson,  "On  the  Embryology  of  the 
Antedon  rosaceus,"  PM.  Trans.  Ron.  Soc,  Tom  155,  1865.    W.  B.  Carpe^lter 
Re.search(^  on  the   Structure,  Physiology  and  Development  of  Antedon 

Pn^fl'   li-:  ^'"^  "^^'"gl-  Entwickelungsgeschichte  der 

Oomatula  Mediterranea,"  Archlv.  fiir  mickrosli.  Aimtomic,  Tom  XII  H 
l^udwig,  "  Morphol.  S^tudien  an  Echinodermen,"  Leipzig,  la77. 
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every  case  the  arms  bear,  either-  on  their  main  stems  or  on  their 
branches,  lateral  appendages,  the  j)innule8,  which  have  an  alternate 
arrangement  on  each  side,  one  being  attached  to  each  segment  of  the 
arms.  Essentially  the  pinnules  represent  the  ultimate  ramifications 
of  the  arms. 

•  The  mouth,  as  a  rule,  lies  in  the  centre  of  the  cup.  From  it 
certain  furrows,  the  amhulacral  grooves,  traverse  the  disc  (fig.  231) 


c 


Fig.  233.— Developmental  stages  of  Comatula  (Antedon),  much  enlarged,  a,  free-swimming 
larva  vnth  tuft  and  rings  of  cilia  {Wr),  also  \vith  rudimentary  calcareous  plates,  h,  At- 
tached Fentacrmoid  form  of  the  same  animal.  O,  OraUa;  R,  Radialia ;  B,  BasaUa; 
Cd,  Centrodorsal  plate,  c,  Older  stage  described  as  Pentacrimis  euvopaev.»  with  arms  and 
cirri  (after  Thomson). 


and  pass  on  to  the  arms,  and  their  branches  and  pinnules;  they 
are  lined  by  soft  skin,  and  carry  the  tentacle-like  ambulacral 
appendages.  The  anus,  when  it  is  present,  lies  excentrically  on  the 
ambulacral  (ventral)  surface  of  the  disc.  The  development  of  the 
living  genus  Comatula,  which  begins  with  a  barrel-shaped  larva 
with  four  bands  of  cilia  and  leads  to  the  fixed  stage  of  the  Pen- 
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tacriniis  form  (P.  Europcetbs)  (lig.  233),  consists  of  a  complicated 
metamorphosis. 

The  greater  number  of  Ci'inoids  belong  to  the  oldest  periods  of 
the  history  of  the  earth  (the  Cambrian,  Silurian,  Devonian,  a,nd 
the  Carboniferous  formations).  Existing  forms 
live  mostly  at  considerable  depths. 

AVe  distinguish  two  orders,  the  Tesselata  and 
the  Articulata. 

The  latter  is  represented  by  numerous  fossil 
forms,  but  by  only  a  few  living  genera  as  Penta- 
crimts,  IIolopus,  and  Gomatida  (fig.  234).  The 
cup  is  always  less  completely  provided  with  plates 
than  in  the  fossil  Tesselata. 

Articulata. 

Fain.  Pentacrinidae.  Crinoids  with  ten  arms,  several 
times  bifurcated.  There  is  a  pentagonal  stalk  with 
whorled  cirri.  PejLtacrinus  caput  Mfdusce,  Mill,  from 
the  Antilles.  P.  Miillcri  Oerst.,  West  Indian  Ocean. 
The  fossil  forms  are  :  Encrinits  liUifornm  Schl.  (fig.  234) 
fi-om  the  Muschelkalk  ;  also  Ajnocrinus,  allied  to  the 
existing  Rhtzocrinns  lofotensis  Sars,  and  to  Batltycrinus 
gracilis,  and  aldHcJiiauns  W.  Th.,  from  the  deep  sea. 
Allied  to  this  group  is  the  third  existing  genus  Bolojms, 
from  the  West  Indies,  with  calyx  attached  by  a  short 
unjointed  prolongation  of  its  apex.    H.  Rangii  d'Orb. 

Fam.  Comatulidae.  Stalked  only  in  the  young  state. 
The  adult  animal  is  free.  There  are  usually  ten  arms  at 
the  margin  of  the  flattened  body  ;  mouth  and  anus  are  present. 
tulidxe  possess  the  power  of  striking  their  arms  towards  the  ventral  surface 
and  so  of  propelling  themselves  amidst  the  sea-weeds.  The  vermiform  lai-va, 
with  its  four  ciliated  girdles,  makes  its  appearance  within  the  egg-membranes. 
It  acquires  a  mouth  and  anus,  also  a  tuft  of  cilia  at  the  posterior  end  of  the 
body,  and  swims  about  freely.  It  passes  later,  by  the  formation  of  cal- 
careous rings  and  rows  of  plates,  into  the  stage  of  the  stalked  Pentacrimis , 
from  which  the  Comatula  is  produced  by  the  separation  of  the  cup  from 
the  stalk.  Comatula  meditcrranea  Lam.,  Antedoti  rosacea  Link.,  known 
in  the  young  attached  stage  as  Pentacrimis  Phironaem.  Actinometra 
J.  Miill. 

To  the  Crinoids  are  allied  the  fossil  Cjixtidca  and  Blastoidea.  The  Cystidea 
were  provided  with  short  stalks  and  slightly  developed  arms.  Their  generative 
organs  were  enclosed  in  the  calyx,  whence  their  products  escaped  through  a 
genital  opening  capable  of  being  closed  by  movable  valves.  They  are  found  as 
fossils  in  the  Cambrian,  Silurian,  and  Devonian  formations  and  the  Carboni- 
ferous limestone.  To  this  group  belong  the  genera  SpUerowitcs,  Carvocrims 
Apiocijstites.  ' 

The  Blastoidea  have  no  arms,  and  only  possess  ambulacral  areas  on  the  calyx, 
which  is  attached  by  a  segmented  column.  Pentatronatites. 

39 


Fig.  %'34i.—Encrinus  Ulii- 
formis  from  the  Mus- 
chelkalk. 


The  Coma- 


290 


ECHrNOBEEMATA, 


CLASS  II.— ASTEROIDEA  (STARFISHES).* 

Echinoderms  with  dorso-ventrally  comjyreased  2J6ntayonal  or  star- 
shcq^ed  body.  The  amhulacral  feet  are  confined  to  the  ventral  mrface. 
Internal  skeletal  jneces  in  the  ambulacra  articulated  toyether  like 
vertebra}. 

The  Star-fishes  are  chiefly  characterised  by  the  ])redominating 
pentagonal  or  star-like  discoidal  shape  of  the  body,  to  the  ventral 


Fig.  235.    EcUnatter  senfns,  from  the  oral  surface  (after  A.  Agassiz).    O,  mouth: 

Af,  ambulacra!  feet. 

surface  of  which  the  amUilacral  feet  are  confined  (fig.  235).  The 
radii  are  long  in  comparison  with  the  inter-radii,  which  are  very 
short  in  consequence  of  the  divergence  of  the  interambulacral 
rows  of  plates;  they  constitute  more  or  less  projecting  movable 
arms,  with  movable  skeletal  structures.  These  latter  consist  of 
trans'versely  arranged,  paired  calcareous  plates  (ambulacral  ossicles), 

*  J  Miiller  and  Troschel,  System  cLer  Asteiiden,"  Brunswick,  1841  Com- 
pare besides  the  numerous  papers  of  Krohn,  Sars,  Llitken,  L.  Agassiz,  etc. 
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which  reach  from  the  mouth  to  the  end  of  the  arms,  and  are 
articulated  toofether  like  vertebrae.    The  skeleton  of  the  Aster oidea 


is   distinguished   from  the 


globular 


or  flattened  shell   of  the 


Echinoidea  by  the  fact  that  the  ambulacral  and  interambulacral 
plates  are  confined  to  the  ventral  surface,  and  that  on  the  outer 
side  of  the  former  there  is  a  deep  ambulacral  groove,  which  contains, 
outside  the  ossicles  and  beneath  the  soft  skin  (which  in  Ophiurids 
possesses  special  calcareous  plates),  the  nerve   trunks,  the  peri- 
haemal  canals  with  the  blood-vessels  and  the  ambulacral  trunks. 
In  the  Ophiuridea  the  ambulacral  groove  is  covered  by  the  dermal 
plates  so  that  the  ambulacral  feet  project  at  the  sides  of  the  arms. 
Upon  the  dorsal  surface  the  dermal  skeleton  appears  leathery;  it 
is,  however,  as  a  rule,  filled  with  small  calcareous  plates,  on  which 
are  placed  spines,  protuberances,  and  papillae,  constituting  a  covering 
of    a  most 
varied  kind. 
At  the  mar- 
gin  in  the 
dorsal  integu- 
ment there  is 
usually  a  row 
of  larger  cal- 
careous plates 
(suj)erior  mar- 
ginal plates) 
(fig.    23  6). 
Upon  the  ven- 
tral surface 
we  can  distin- 
guish, in  addition  to  the  internally  placed  ambulacral  ossicles,  inferior 
marginal  ossicles  (fig.  236,  VR),  also  the  adamhulacral  plates  (Adp), 
and  the  intermediate  interambulacral  plates  {Jp).    The  two  last  corre- 
spond to  the  interambulacral  plates  of  the  Echinoidea,  ^frhexe  they  occur 
as  two  or  more  rows,  which  are  united  along  the  whole  length  of  the 
inter-radius  :  in  the  Asteroidea,  however,  they  separate  from  one 
another  at  an  angle,  and  are  disposed  along  the  opposed  sides  of  ad- 
jacent arms.  The  ambulacral  ossicles  are  calcareous  bodies  articulated 
together  like  vertebrae,  with  spaces  between  their  lateral  processes 
for  the  passage  of  the  vessel  connecting  the  ampullte  with  the  radial 
vessel  and  the  tube  feet.    The  right  and  left  pieces  of  each  double  row 
are  either  (Ophittridea)  immovably  connected  by  a  suture,  or  are 


Fig.  236.— Skeletal  plates  of  Astropecten  Hemprichtii  (after  J.  Miiller). 
DS,  Dorsal  marginal  plates;  VB,  ventral  marginal  plates,  Ap,  am- 
bulacral ossicles;  Jp,  intermediate  interambiilacral  plates;  Adp, 
anterior  adambnlacral  plates  forming  an  angle  of  the  month. 
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{Stelleridea)  movably  articulated  by  teeth,  which  iit  into  one  another 
at  the  bottom  of  the  ambulacral  groove ;  the  latter  only  (Stelleridea) 
possess  transverse  muscles  on  the  ambulacral  ossicles,  and  are  able 
to  bend  their  arms  together  towards  the  ventral  surface.  The 
Ophiiiridea  are  provided  with  longitudinal  muscles  only,  by  means 
of  which  they  are  able  to  bend  their  arms  to  the  right  and  left  in 
a  horizontal  plane  with  a  serpentine  movement. 

The  mouth  is  always  placed  in  the  centre  of  the  ventral  surface  in 
a  pentagonal  or  star-shaped  depression,  the  edges  of  which  are 
usually  beset  with  stili"  papillte.  The  inter- radial  angles  are  marked 
by  the  junction  of  two  adambulacral  plates,  and  frequently  function 
as  organs  of  mastication.  The  anus  may  be  wanting ;  when  present, 
it  invariably  lies  at  the  apical  pole.  The  madreporic  plate,  of 
which  there  may  be  one  or  more,  is  situated  inter-i-adially  and 
dorsally  [Stelleridea),  or  on  the  inner  surface  of  one  of  the  buccal 
plates  [Ophiuridea),  on  the  exterior  of  which  a  pore  may  be  present. 
Development  in  certain  cases  takes  place  without  the  interposition 
of  a  bilateral  larval  phase  with  bands  of  cilia.  When  such  larvae 
are  developed,  they  have  the  form  of  a  Pluteus  (Ophiurid)  or  Bipin- 
naria  and  Brachiolaria  (Stellerid).  * 

The  great  power  of  regeneration  possessed  by  Starfishes  is  not 
confined  to  the  reproduction  of  lost  arms,  but  may  lead  to  the  new 
formation  of  portions  of  the  disc,  or  even  of  the  entire  disc  from 
a  single  separated  arm.  This  process  thus  amounts  to  a  species  of 
asexvial  reproduction  by  fission,  and  has  been  especially  observed  in 
forms  with  six  (OpJdactis)  or  more  than  six  [Linckia)  arms. 

Fossil  star-fishes  are  found  as  far  back  as  the  lower  Silurian  strata 
(Palmaster),  where  intermediate  forms  between  Stelleridea  and 
Ophiuridea  (Protaster)  make  their  appearance. 

Sub-Class  1. — Stelleridea  {Asteridea)  Starfishes. 

Asteroidea  whose  arms  are  prolongations  of  the  disc,  and  contain  the 
hepatic  appendages  of  the  alimentary  canal,  and  also  the  generative 
organs.  They  possess  a  deep,  uncovered  ambulacral  groove  running 
along  the  ventral  surface,  in  which  groove  the  ambulacral  feet  are 
disposed  in  rows. 

The  Stelleridea  usually  possess  broad  arms,  and  are  characterised 
by  the  fact  that  the  ambulacral  ossicles  of  the  two  sides  are  connected 
by  transverse  muscles  and  are  movable  upon  one  another.  The 
amis  lies  at  the  aboral  pole,  but  may  be  wanting  in  certain  genera 
(Astropecten).     The  madreporic  plate  and  the  genital  pores  are 
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situate  inter-radially  and  upon  the  dorsal  surface.  The  multilobed 
branched  diverticula  of  the  stomach  extend  into  the  cavities  of  the 
arms  (fig.  218).  On  the  ventral  surface  of  the  latter,  two  or  four 
rows  of  ambulacra]  feet  project  from  the  deep  ambulacral  groove, 
the  edge  of  which  is  beset  with  papillte  (fig.  235).  Pedicellarice  are 
also  found,  and  dermal  gills  projecting  through  the  tentacular  pores 
of  the  dorsal  surface. 

They  feed  principally  upon  Mollusca,  and,  by  means  of  their 
ambulacral  feet,  crawl  slowly  upon  the  bottom  of  the  sea.  Some 
few  of  them  are  developed  by  a  very  simple  process  of  metamorphosis 
within  the  brood-pouch  of  the  mother ;  but  the  greater  number  of 
them  pass  through  the  free 
larval  stages  of  Bipinnaria 
and  Brachiolaria  (figs.  224 
and  228). 

Fam.  Asteriadae.  The  cylin- 
drical ambulacral  feet  end  in 
broad  suctorial  discs,  and  are 
usually  arranged  in  four  rows 
along  each  ambulacral  groove. 
Asterias  L.  QAsteracanthion), 
A.  fjlacialis  0.  F.  Mliller.,  He- 
liaster  helianthus  Gray. 

Fam.  Solasteridae.  The  cylin- 
drical ambulacral  feet  are  dis- 
posed in  two  rows.  Bays  long, 
often  more  than  five  Solaster 
2)appoiim  Retz.,  EcMnaster 
sepositiis  Retz.,  Oj?hidiaste7- 
Ag.,  Linchia  Nardo. 

Fam.  Astropectinidae.  Am- 
bulacral feet  conical,  and  with- 
out suctorial  disc,  arranged  in  two  rows.    There  is  no  anus.  AstrojJecteii 
aurantiacus  Thil.  LvMia  Forb.,  Ctcriodiseits  Miill.  Tr. 

Fam.  Brisingidae.  Body  shaped  like  an  Ophiurid.  Rays  distinct  from  the 
disc  with  only  a  narrow  internal  cavity.    Brisituja  coronuta  Sars. 

Sub-Class  2. — Ophiuridea  {Brittle  Stars). 

Asteroidea  characterised  by  the  absence  df  an  anus,  and  by  the  2)08- 
session  of  long  cylindrical  arms  which  are  sharply  distinct  from  the 
disc,  and  do  not  contain  appendages  of  the  alimentary  canal.  The 
ambulacral  groove  is  covered  by  the  dermal  plates  so  that  the  ambulacral 
feet  p)Tqject  at  the  sides  of  the  arms. 

The  Op>hiuridea  can  be  at  once  distinguished  by  the  flexible 
cylindrical  arms,  which  are  sharply  distinct  from  the  disc,  and  enclose 
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no  diverticula  of  the  alimentaiy  canal.  Tlie  movements  of  the  arms 
are  principally  in  the  horizontal  plane,  and  in  many  cases  permit  of 
a  cx-eepmg  locomotion  amongst  marine  plants.  The  ambulacral 
groove  is  always  covered  by  special  dermal  plates,  and  the  ambulacral 
feet  project  laterally  between  the  spicules  and  plates  on  the  upper 
surface  (tig.  238).  In  a  few  cases  the  arms  are  branched,  and  can  be 
rolled  up  in  the  direction  of  the  mouth.  In  such  cases  the  ventral 
groove  IS  closed  by  a  soft  skin  {Astrophyton).  The  anus  is  always 
wanting,  as  are  pedicellariai.  The  generative  products  pass  into 
genital  pouches  (bursse),  and  from  these  directly  to  the  exterior 

through  inter-radial  paired 
slits.  The  madreporic  plate 
lies  upon  the  ventral  sur- 
face in  one  of  the  buccal 
plates.  Some  few  Ophiu- 
lids  are  viviparous,  e.g., 
Am2)hiura  squar)iata;  these 
do  not  undergo  metamor- 
phosis. Most  pass  through 
the  Phdeihs  larval  stage, 
e.g.,  02)hiogly2)ha  Lym., 
{Pphioleins)  ciliata  with 
larval  stage  Plutem 
paradoxus. 


Fig.  238. — Ophiothrixf raff  His.  The  ends  of  the  rays 
have  been  removed.  O-S,  Slits  of  the  genital 
pouches ;  jE",  masticatory  ossicles. 


Fam.  Ophiuridae.  With 
simple  unbranched  arms,  and 
with  ventral  plates  to  the 
ambulacral  groove.  They  are  divided  into  special  genera  according  to 
the  peculiar  character  of  the  dermal  covering  and  of  the  buccal  armature. 
Ophiothrix  Miill.  Tr.  The  back  is  provided  with  granules,  hairs,  or  spicules. 
The  lateral  plates  of  the  arms  bear  spicules.  0])h.  fnujilis  0.  Fr.  Miiller. 
Ophiura  Lam.  QOjihioderma).  Two  pairs  of  genital  slits  in  each  interbrachial 
space,     0.  lontjicauda  Link.,  Uphwlejns  Liitk.,  Am2)hmra  Forb. 

Fam.  Euryalidse.  Mostly  with  branched  arms  which  can  be  curved  towards 
the  mouth  and  are  without  plates  ;  the  ventral  groove  closed  -with  soft  skin. 
Astropiliyton  vernt cumin  Lam.,  Indian  Ocean.  -1.  arhorescoi-s  Rond.,  Mediter- 
ranean.   Asteronijx  Loveni  Mlili.  Tr, 

CLASS  IIL— ECHINOIDEA,*  SEA-URCHINS. 
Spherical,  heart-shajied,  or  disc-shaped  Echinodernis  with  immovable 
skeleton  composed  of  calcareous  plates.  The  skeleton  encloses  the  body 
*  Besides  the  works  of  J.  Th.  Klein,  compare  E.  Desor,  "Synopsis  des 
Echinides  fossiles,"  18.54  to  1858.  S.  Lov6n,  "  Etudes  sur  les  Echinoiddes," 
Stockholm  1874.  Al.  Agassiz,  "Revision  of  the  Echini,"  Cambridge,  1872- 
1874. 
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after  the  manne)'  of  a  shell,  and  carries  movable  spines.  There  is 
invariably  a  mouth  and  anus,  and  locomotive  and  often  respiratory 
ainbidaa-al  appendages. 

The  dermal  skeletal  plates  are  connected  together  so  as  to  form  a 
firm  immovable  shell,  which  has  no  arm-like  prolongations  in  the 
dii-ection  of  the  rays,  and  is  sometimes  regularly  radial,  sometimes 
irregular  or  symmetrical.  With  some  rare  exceptions  among  the 
fossil  Ferischcechinidce,  as  Lejndocentrus,  the  calcareous  plates  are 
firmly  connected  with  one  another  by  sutures,  and  are  usually 
arranged  in  twenty  meridional  rows.  These  rows  (fig.  206)  are 
disposed  in  pairs,  and  correspond  alternately  with  the  radii  and  the 
inter-radii.  The  five  radial  pairs  are  the  ambulacral  plates,  and  are 
pierced  by  rows  of  fine  pores  for  the  exit  of  tube  feet  (fig.  212,  P), 
and  bear,  as  do  the  broad  interambulacral  plates,  spherical  promi- 
nences and  tubercles  to  which  the  differently  shaped  spines  are 
movably  articulated.  The  body  form  of  the  Sea-urchins,  as  con- 
trasted with  that  of  the  Star-fish,  depends  upon  the  meridional 
arrangement  of  the  rows  of  plates,  and,  at  the  same  time,  on  the 
continuity  of  the  interambulacral  rows. 

The  position  of  the  nerves  and  ambulacral  vascular  trunks  beneath 
the  skeleton  is  the  special  characteristic  of  the  internal  organization. 
Fedicellarice  are  found  between  the  spicules,  and  are  especially 
numerous  in  the  region  of  the  mouth.  Some  Cidaridea  are  provided 
with  branched  respiratory  tubes.  The  genital  pores  are  disposed 
inter-radially  on  the  genital  plates  near  the  apical  pole.  One  of 
these  genital  plates  is,  as  a  rule,  also  the  madreporic  plate.  The 
ocular  plates,  which  are  radial  in  position,  are  also  pierced  (figs.  206, 
212).  The  regular  Sea-urchins  are  often  symmetrical,  one  radius 
being  longer  or  shorter  than  the  others,  which  are  equal  to  each 
other.  So  we  find  long  oval  forms  which  are  laterally  symmetrical, 
having  the  mouth  and  anus  central,  and  an  anterior  unpaired  radius 
[Acrocladia,  Echinometra).  In  the  irregular  Sea-urchins  the  anus  is 
thrust  away  from  the  apical  pole  into  the  unpaired  radius  {Clypea- 
stridce).  The  mouth  also  often  has  an  eccentric  position  in  front 
[S2'>atangidce,  fig.  208),  in  which  case  the  masticatory  apparatus  is 
always  wanting. 

In  many  regular  forms  all  the  ambulacral  feet  have  the  same 
shape,  and  are  provided  with  a  suctorial  disc  supported  by  calcareous 
bodies;  in  others  the  dorsal  feet  are  unprovided  with  a  disc,  and 
are  pointed  and  often  have  an  indented  edge.  In  addition  to  the 
ambulacral  feet,  the  irregular  Sea-urchins  almost  all  possess  ambu- 
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lacral  branchias  upon  a  rosette  formed  of  large  pores  on  the  dorsal 
surface  (fig.  239).   The  locomotive  feet  are  very  small  in  Clypeaslvido' 
and  are  distributed  either  over  the  whole  surface  of  the  ambulacra', 
or  are  confined  to  branching  rows  upon  the  ventral  surface.  In 
the  i^patamjidce  there  are  peculiar  bands  upon  the  upper  surfao.^, 

the  faacioles  or  semitce  (fig.  239), 
upon  which,  in  place  of  the  spicules, 
knobbed  bristles  with  active  cilia 
{clavulai)  are  distributed.  Develop- 
ment takes  place  with  a  Pluteus  lai-val 
stage,  in  whicli  the  larva  is  provided 
witli  ciliated  epaulettes  or  with  an 
apical  rod. 

The  Sea-urchins  live,  as  a  rule, 
near  the  coast,  and  feed  on  molluscs, 
small  marine  animals,  and  Fuci. 
Some  species  of  Echinus  have  the 
power  of  boring  holes  in  the  rocks 
in  which  they  live.  We  find  many 
fossil  shells,  especially  in  the  chalk. 


Fig.  239. — Brissopsis  hjrxfera  with 
the  fascicles  or  Semites  surround- 
ing the  rosette.   A,  aaus. 


Order  1. — Cidaridea= Regular  Sea-urchins. 

Echinoidea  with  central  mouth  and  equal  hand-like  ambulacra  ; 
with  teeth  and  masticatory  apparatus  ;  with  sub-central  anus  in  the 
apical  space. 

Fam.  Cidaridae.  With  very  narrow  ambulacral  and  broad  interambulacral 
areas,  on  both  of  which  are  large  perforated  tubercles  and  club-shaped  spines. 
There  are  no  oral  branchias.  Cidaris  metnlar  ia  Lam.,  Phyllacantlms  imperialis 
Lam.,  East  Indies. 

Fam.  Echinidae,  Sea-urchins.  The  pores  are  grouped  in  transverse  rows  ; 
there  is  a  round,  thin  shell,  broad  ambulacral  spaces  bearing  tubercles  and  spines, 
which  are  mostly  short  and  pear-shaped.  Oral  branchi^  are  present.  Tn.roj)- 
neustes  variegatuf',  Lam.,  Echinus  melo  Lam.,  Strong nlocentrotus  Uvidm  Brit. 
saxatilis  Lin.,  Mediterranean. 

Fam.  Echinometridae.  With  long  oval  shell,  imperforate  tubercles  and 
oral  branchiffi.  Echimmetra,  obloiuja  Blainv.,  Podophora  atvata  Brdt.. 
Aeroclndia  trigimaria  Ag.,  Pacific. 


Order  2. — Clype  astride  a. 

Irregular  Echinoidea  comjjressed  into  the  form  of  a  shield.  Mouth 
central  and  furnished  with  masticatory  apparatus.  Very  broad  ambu- 
lacra, five-leaved  ambidacral  rosette  round  the  apical  pole,  and  very 
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S7nall  tube  feet.  Five  genital  pores  in  the  region  of  the  maclreporic 
plate. 

Fam.  Clypeastridae.  The  edge  of  the  disc  withoiit  indentations.  Clijijcaitter 
rosacmx  Lam.  (fig.  207),  EcMmwyannis 2nislllus  0.  F.  Miiller,  Mediterranean. 

Fam.  Scutellidse.  Flattened  EcMnoidca  with  a  shell  often  lobed  or  per- 
forated, \\'ith  rows  of  pores  for  the  arhbulacral  feet.  Lolojjliova  Infora  Ag., 
Jtotula  Rum2)hii  Klein,  Afriea. 

Order  3. — Spatangidea. 

Trregxdar  Echinoidea  of  a  more  or  less  heart-sha2Jed  form,  ivith 
eccentric  onoiUh  and  anus.  There  are  no  teeth  or  masticatory  apixiratus, 
and  there  is  usually  a  four-leaved  amhulacral  rosette  and  four  genital 
plates. 

As  a  rule  there  are  semitfe  and  four  genital  pores,  but  the  number 
of  the  latter  may  be  reduced  to  three  and  two. 

Fam.  Spatangidae.  Spataiuins  imrimrens  0.  Fr.  Miill.,  Mediterranean  ; 
Scliizaifter  cancdxferus  Ag.,  Brissvs  Klein, 

CLASS  IV.— HOLOTHUEOIDEA.* 

Wormlike  elongated  Echinoderms  with  a  leathery  body  wall,  with 
contractile  tentacles  surrounding  the  mouth  ;  anus  terminal. 

The  Holothuria  approach  the  worms  in  possessing  an  elongated 
cylindrical  shape  and  a  bilateral  symmetry,  which  is  expressed  in 
many  ways.  In  particular  they  possess  so  striking  a  resemblance,  so 
far  as  their  exterior  is  concerned,  to  many  Gephyrea  that  formerly 
they  were  included  in  the  same  group.  The  body-covering  never 
consists  of  a  firm  calcareous  shell  like  that  which  we  find  in  other 
Echinoderms,  but  always  remains  soft  and  leathery,  the  calcareous 
matter  being  confined  to  a  few  isolated  particles  of  definite  form. 
In  rare  cases  {Citvieria),  scales  are  present  in  the  dorsal  skin. 
These  are  arranged  like  the  slates  on  a  roof,  and  may  even  take  the 
form  of  spicule-like  appendages  (Echinocucumis). 

The  bilateral  symmetry  results  not  only  from  the  existence  of  un- 
paired organs,  but  from  the  contrast  which  is  often  very  distinctly 
expressed  between  the  dorsal  and  ventral  surfaces.  The  ambulacral 
feet  are  not  in  all  cases  regularly  arranged  in  the  five  meridional 

*  G.  J.  Jaeger,  "  De  Holothuriis,"  Dissert,  inaug.  Turiei,  1833.  J.  F  Brandt 
'  Prodromus  descriptionis  animalium  ab  H.  Mertensio  in  orbis  terrarum 
circumiiavigatione  observatorum,"  Fasc.  I.  Petropoli.  1835.  J.  MuUer  »  Ueber 
Synapta  digatata  und  liber  die  Erzeugung  von  Schnecken  in  Holothurien  " 
Berlin,  18.52  A.  Baur,  "  Beitrage  zur  Naturgeschichte  der  Synapta  digitata.'" 
Dresden,  1864.  C.  Semper,  "  Reisen  im  Archipel  der  Philippinen  "  Tom  f 
Leipzig,  1868.  ' 
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rows  from  the  oral  to  the  anal  pole,  but  may  l)e  principally  or 
altogether  confined  to  the  three  rays  of  the  so-called  trivium.  In 
this  latter  case  the  Holothurid  moves  upon  a  more  or  less  foot-like 
ventral  surface.  The  ambulacral  feet  may  also  be  distributed  uni- 
formly over  the  surface  of  the  body,  especially  on  the  ventral  side. 
As  a  rule,  the  tube-feet  have  a  cylindrical  shape,  and  terminate  with 
a  suctorial  disc :  in  other  cases  tliey  are  conical,  and  the  suctorial 
disc  is  absent.  The  tentacles,  which  are  in  communication  with  the 
water-vascular  system,  and  represent  specially  modified  amlnilacral 
appendages,  are  simple  or  pennate,  or  even  dendritic  {Dendrochirota) 
or  shield-shaped  {Asjndochirota),  that  is,  provided  with  a  disc,  which 

is  often  divided  into  many  parts. 
In  certain  genera  {Synafta),  the 
ambulacral  feet  are  altogether 
wanting,  and  the  tentacles  re- 
main as  the  sole  appendages  of 
the  ambulacral  system  (fig.  240). 
Locomotion  is  effected  by  the 
strongly  developed  dermal  mus- 
cular system,  the  longitudinal 
fibi'es  of  which  are  attached  to 
the  calcareous  ring  surrounding 
the  oesophagus.  It  is  charac- 
teristic of  the  water-vascular 
system  that  the  stone  canal, 
which  is  usually  simple,  hangs 
freely  in  the  body  cavity,  ending 
in  a  calcareous  framework  com- 
parable to  the  madreporic  plate. 
Fig.  ^aa.—Synapta  inhmrenn  (after  Quatre-  The  respiratory  trees  at  the  end 
fages).  0,  Mouth ;  A,  anus :  the  intestine        ^j^g  intestine  perform  the  f uuc- 

can  be  seen  through  the  skin.  .  . 

tion  of  res2nrah07i,  while  cei-tam 
glandular  appendages  (organs  of  Cuvier),  which  open  into  the  rectum, 
may  be  regarded  as  excretory  organs :  these,  as  well  as  the  respiratory 
trees,  may  be  wanting.  The  generative  organs  consist  of  a  bundle  of 
branched  tubes,  the  duct  of  which  opens  on  the  dorsal  surface  in  the 
region  of  the  mouth.  The  genus  Synapta  is  hermaphrodite.  The 
development  is  in  many  Holotlmrians  direct  (as  e.g.  in  Holothuna 
tremula  according  to  Koren  and  Danielssen) ;  where  there  is  a  com- 
plicated metamorphosis,  the  larvaj  have  the  Auricularia  form,  and 
pass  through  a  barrel-shaped  pupa  stage. 
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The  Holotlmrians  are  partly  nocturnal  in  their  habits,  and  live  at 
the  bottom  of  the  sea,  for  the  most  part  in  shallow  places  near  the 
coast,  where  they  crawl  slowly  upon  the  bottom.  The  Synrq^tidce, 
which  have  no  feet,  burrow  in  the  sand.  They  feed  on  the  smaller 
marine  animals,  which,  in  the  Dendrochirota,  are  carried  to  the 
mouth  by  means  of  the  branched,  tree-like  tentacles.  The  Asjndo- 
chirota  fill  their  intestine  with  sand,  which  they  eject  from  the  anus 
by  means  of  the  current  of  water  from  the  respiratory  trees.  It  is 
worthy  of  notice  that  they  (especially  the  As2ndochirota)  can  eject 
through  the  anal  opening  the  intestine,  which  breaks  off  easily 
behind  the  vascular  ring,  and  are  able  to  renew  it.  The  Synaiota, 
when  iri-itated,  are  able  to  break  their  body  into  several  pieces  by 
violent  muscvilar  contractions. 

Order  1. — Pedata. 

Numerous  cmxbulacral  feet,  which  are  sometimes  arranged  regularly 
in  the  meridians,  and  sometimes  distributed  over  the  whole  surface. 

Fam.  AspidocMrotse.  With  shield-shaped  tentacles.  Ilolotlmvia  L.  With 
scattered  ambulacral  feet,  which  are  conical  on  the  dorsal  side,  and  are  without 
suckers.  H.  twhiiloaa  Gmel.,  Adriatic  and  Mediterranean  ;  II.  edvlu  Less., 
the  edible  Trepang  of  the  East  Indian  seas. 

Fam.  Dendrochirotae.  With  tree-like  branched  tentacles.  Cueumaria 
Blainv.  Ambulacral  feet  arranged  in  regular  rows.  C.  frondosa  Gr.  Psolvs 
Oken.  Ambulacral  feet  confined  to  the  foot-like  ventral  surface  of  the  trivium. 
Ps.  ■phantajms.  Gr. 

Order  2. — Apod  A. 
No  ambulacral  feet ;  as  a  rule  without  respiratory  trees  ;  the  tentacles 
are  usually  branched  or  jnnnate. 

Fam.  Synaptidse.  Hermaphrodite  and  without  respiratory  trees.  In  the 
skin  there  are  wheel-shaped  calcareous  bodies  or  projecting  masses  shaped  like 
anchors,  and  affixed  to  calcareous  plates.  Synajrta  dirjituta  Mntg.  with  anchor- 
shaped  calcareous  bodies.  J.  Miiller  discovered  in  their  bodies  parasitic  cylin- 
drical animals  with  spermatozoa  and  ova,  which  latter  develop  into  small 
sheU-bearing  Gastropods  {Entoconclui  mlramis).  Chirodota  Esch.  Skin  beset 
with  rows  of  small  tubercles  bearing  calcareous  wheel-shaped  bodies.  The 
genus  M(>lj)adut  Guv.  is  furnished  with  respiratory  trees. 


ENTEEOPNEUSTA. 

The  remarkable  genus  Balanoglossus  must  be  placed  here.  It  is 
the  representative  of  a  class,  Enteropneusta  Gegenb.,*  allied  to  the 
Echinodermata,  but  usually  classed  with  the  Vermes,  and  presenting 

*  A.  Kowalevski.  "  Anatomie  des  Balanoglossus  Delle  Chiaje,"  Memoires  de 
I  Acad.  inij)^r.  des  ."Sciences  de  St.  Pctcrsbuurg,  Tom  X.,  No.  3, 1866.   L.  Agassiz, 
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an  affinity  to  the  Tunicata  by  the  mode  of  respiration.  Tliis  in- 
teresting worm  was  discovered  by  Delle  Cliiaje,  and  its  organization 
and  development  have  been  recently  investigated  by  Al.  Agassiz  and 
Kowalevski  [more  recently  by  Bateson,  Q.  J.  Mic.  Sci.  1884]  (fig.  241). 

The  most  inte- 
resting point  about 
this  form  is  the 
structure  of  its 
larva,  which  renders 
its  relationship  to 
the  Echinoderniata 
probable.  The  larva 
was  described  by  J. 
Miiller  as  Tornaria, 
and  was  legarded 
by  him  as  an  Echi- 
noderm  larva.  It 

Fig.  241.— Young  BaUnwglo^xus,  strongly  magnified.    Pr,  Pro-   (JoeS,  in  fact,  pOSSeSo 
boscis,  the  numerous  branchial  slits  are  visible.  i'    i  i  i 

a  double  band  of 

cilia,  like  Bipinnaria.  Of  these  two  rows  of  cilia,  one,  the  praeoral, 
forms  a  ring  round  the  prte-oral  lobe,  while  the  other  is  larger 
and  runs  in  a  more  longitudinal  direction  so  as  almost  to  join  the 

former  near  the 
apical  pole.  There 
is  also  a  transverse 
pr£e-anal  ring  of 
cilia  (fig.  242,  a,  h). 
Internally  a  diverti- 
culum of  the  ar- 
chenteron  gives  rise 
to  an  independent 
sac  forming  the 
water-vascular  sys- 
tem,    while  two 

Fig.  242, (f,i. —  roiviar/V/ larva  (after  E.  MetschnikofE).    o,  Seen  •    _     c  A'      +"  1 

from  the  side  ;  b.  from  the  dorsal  surface.    O,  mouth ;  A,  P^^'ll'S  Ot  dlveitlCUia 

anus ;  S,  apex,  W,  rudiment  of  water  vascular  system  ;  C,  furnish     the  first 

heart ;  P,  F',  peritoneal  sacs.  . .         ,        o  .-i 

rudiments   or  tne 

body  cavity.    A  pulsating  heart  is  developed  from  a  thickening  of 


"The  History  of  Ealunoglossus  and  Tornaria,"  3Icmoir.<t  of  the  American 
Academii  of  Arts  and  Seiencen.  Vol.  IX.,  1873.  E.  Metschnikoif.  Zritschr. 
f.  wi  xscipich.  Zool.,  Tom  XX.,  1870. 
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the  ectoderm,  and  sinks  into  a  depression  of  the  water  vascular 
vesicle.  At  the  apical  pole  there  is  a  thickening  of  the  ectoderm 
resembling  the  apical  plate  of  the  larval  Worms  and  containing  two 
eye-spots. 

The  development  of  the  larva  into  the  adult  Balanorjlossus  was 
first  traced  by  E.  Metschnikoff  and  then  by  A.  Agassiz.  The  band  of 
cilia  gradually  disappears,  the  prse-oral  part  of  the  larva  becomes  the 
proboscis,  while  the  oral  portion  gives  rise  to  the  collar.  The  trunk 
is  formed  from  the  posterior  elongated  portion  on  which  the  posterior 

transverse  ciliated  band  still  persists.  The 
anterior  portion  of  the  alimentary  canal 
becomes  pierced  by  paired  branchial  slits 
(figs.  243,  244). 

The  body  of 
the  adult  animal 
is  worm-like  and 
completely  cili- 
ated ;  it  can  be 
divided  by  the 
external  features 
into  a  number  of 
difierent  regions. 
The  anterior  end 
of  the  body  is 
indicated  by  a 
proboscis  well 
marked  ofi"  and 
projecting  like  a 
head.  This  is  fol- 
lowed by  a  muscu- 
lar collar.  Poste- 
rior to  the  collar 

there  is  a  longer  portion  of  the  body,  the 
branchial  region,  which  may  be  divided  into 
a  median  distinctly  ringed  part  (branchife) 
and  two  lobed  lateral  portions  usually  filled  with  yellow  glands.  At 
the  boundary,  between  the  median  portion  and  the  two  lateral  lobes, 
there  are  on  either  side  rows  of  openings  which  serve  for  the  exit 
of  the  water  from  the  branchial  chamber.  Then  follows  a  third 
division  of  the  body,  the  gastric  region,  upon  the  upper  side  of 
which  there  are  four  rows  of  yellow  glands  {generative  glands). 


Fig.  343.— Stage  in  the  con- 
version of  Tornaria  into  Bala- 
7iofflosms,  with  one  pair  of 
branchial  slits  (after  E.  Met- 
schnikoff), seen  from  the  side. 
Bo,  external  branchial  open- 
ing ;  P,  peritoneal  sac ;  Vc, 
circular  vessel ;  O,  mouth ;  C, 
heart. 


Fig.  244. — Stage  in  the  conver- 
sion of  Tornaria  into  JBalano- 
glosms,  with  four  pairs  of 
branchial  slits  (after  Al. 
Agassiz).  Letters  as  in  figs. 
242,  243. 
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Between  these,  brownisli-green  prominences  are  visible  (the  hepatic 
appendages  of  tlie  intestine),  which,  towards  the  posterior  extremity 
where  the  yellow  glands  disappear,  are  larger  and  more  closely 
aggregated.  Finally  there  follows  a  distinctly  ringed  caudal  region, 
at  the  hind  end  of  which  is  the  anus,  ' 
The  contractile  proboscis  serves  not  only  as  a  siphon  to  maintain 
respiration,  but  also  as  a  locomotory  organ.  It  projects  above  the 
level  of  the  mud  in  which  the  animal  is  buried,  and  is  said  to  take  in 
water  by  a  terminal  aperture  (the  existence  of  this  opening  has  been 
recently  disputed)  [and  to  pass  it  out  into  the  mouth  through  a  pore 
at  its  base]. 

The  mouth  lies  behind  the  anterior  margin  of  the  so-called  collar, 
and  leads  into  a  buccal  cavity,  the  walls  of  which  contain  a  great 
number  of  unicellular  mucous  glands.  The  portion  of  the  alimen- 
tary canal  which  follows  the  buccal  cavity  bears  the  branchial  frame- 
work, and  is  divided  into  a  dorsal  and  ventral  part  by  two  longitudinal 
folds,  so  that  it  almost  presents  in  transverse  section  the  appearance 
of  a  figure  of  8,  The  intestine  does  not  hang  freely  in  the  body 
cavity,  but,  except  in  the  region  of  the  tail,  is  fastened  to  the  body 
wall  by  connective  tissue;  it  is,  however,  always  very  closely  attached 
in  the  two  median  lines.  Beneath  the  dorsal  and  ventral  median 
lines,  where  the  two  principal  vascular  trunks  are  visible  through  the 
skin,  two  grooves,  beset  with  strong  cilia,  run  along  the  whole  length 
of  the  intestine.  From  these  grooves  secondary  grooves  are  given  off, 
and  as  it  were  divide  the  whole  surface  of  the  intestme  into  islands. 
Some  distance  behind  the  branchial  region,  on  the  upper  side  of  the 
intestine,  the  peculiar  cell  masses  begin,  which  gi'adually  assume  the 
form  of  sac-like  diverticula  with  ciliated  internal  walls.  These 
"  hepatic  appendages  "  are  either  disposed  in  a  simple  row  along  each 
side  {B.  minutus  Kow,),  or  densely  aggregated  together  [B.  clavigerm 
Delle  Oh.) 

The  branchial  basket-work  which  is  placed  at  the  commencement 
of  the  alimentary  canal  projects  on  the  anterior  flattened  part  of  the 
body  in  the  form  of  a  transversely  ringed  longitudinal  fold,  and  con- 
tains a  system  of  chitinous  plates,  which  constitute  its  framework  and 
ase  connected  in  a  peculiar  manner  by  transverse  rods.  The  water 
taken  in  through  the  mouth  passes  through  special  openings  in  the 
wall  of  the  anterior  portion  of  the  alimentary  canal  into  the  ciHated 
branchial  spaces,  to  issue  thence  through  the  two  rows  of  lateral 
pores  on  the  dorsal  surface  of  the  branchial  region. 

The  vascular  system  consists  of  two  median  longitudinal  trunks, 


IBALANOGLOSSUS.  VERMES. 


303 


which  give  off  numerous  transverse  branches  to  the  walls  of  the 
intestine  and  body,  and  of  two  lateral  trunks.  The  branchiae  receive 
their  rich  vascular  supply  entirely  from  the  lower  trunk.  The  upper 
trunk,  in  which  the  blood  flows  from  behind  forwards,  divides  at  the 
posterior  end  of  the  branchife  into  four  branches,  of  which  the  two 
lateral  ones  pass  to  the  lateral  portions  of  the  antei'ior  part  of  the 
body. 

Certain  fibrous  cords,  running  directly  beneath  the  epidermis  in  the 
doi-sal  and  ventral  median  lines  and  branching  into  a  net- work  of  fine 
fibrillje,  have  lately  been  interpreted  as  nervous  centres.  These  cords 
are  described  as  being  connected  at  the  posterior  end  of  the  collar  by 
a  ring-like  commissure. 

The  generative  organs  are  arranged  in  single  rows  in  the  branchial 
region,  but  posterior  to  this  in  double  rows.  During  the  breeding 
season  they  are  extraordinarily  developed,  and  the  male  and  female 
can  be  easily  distinguished  by  the  difference  in  their  colour.  Each 
ovum  is  contained  in  a  capsule,  which  is  provided  with  nuclei,  but  is 
otherwise  homogeneous.  The  eggs  are  probably  laid  in  strings  like 
those  of  Nemertines. 

These  animals  live  in  fine  sand.  They  saturate  the  sand  in  their 
immediate  vicinity  with  mucous.  They  fill  their  alimentary  canal 
with  sand,  and  move  themselves  by  means  of  their  proboscis,  which, 
alternately  elongating  and  retracting,  draws  the  body  after  it. 
Both  the  species  named  were  found  in  the  Gulf  of  Naples.  A  third 
northern  species  of  Balanoglossus  was  discovered  by  Willemoes-Suhm, 
and  described  as  B.  Kupfferi. 


CHAPTER  IX. 
Vermes. 

Bilateral  animals  loith  unsegmented  or  uniformly  {Ji07nonomous) 
segmented  body.  There  are  no  segmented  lateral  apinndages.  A 
dermal  muscular  system  and  paired  excretory  canals  {water -vascular 
system)  are  jyresent. 

SmcE  the  time  of  Cuvier,  a  number  of  groups  of  animals  all 
characterised  by  the  possession  of  an  elongated  laterally  symmetrical 
body  and  by  the  absence  of  articulated  limbs  have  been  classed 
together  as  Vermes.  This  group  includes  such  a  variety  of  forms 
that  attempts  have  already  been  made  to  break  it  up,  and  it  will 
perhaps  be  necessary  at  some  future  time  to  separate  the  unseg- 
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mentecl  from  the  segmented  forms,  under  the  respective  heads  of 
Vei'mes  and  Annelida. 

The  form  of  the  body,  which  is  soft  and  adapted  to  hve  in  damp 
media,  is  nsiially  elongated,  flat,  or  cylindrical,  sometimes  without 
rings,  sometimes  ringed,  and  sometimes  divided  into  segments  (meta- 
meres).  In  every  case  we  can  distinguish  a  ventral  and  a  dorsal 
sui'face.  It  is  on  the  fii-st  that  the  animal  moves  or  attaches  itself 
to  foreign  objects.  The  mouth  is  usually  placed  ventrally  at  the 
end  of  the  body  which  is  directed  forward  in  locomotion.  The  con- 
trast between  the  flat,  shorter  form  of  body  and  the  cylindrical  and 
elongated  seems,  especially  in  the  case  of  the  non-segmented  worms 
(Vermes  s.  str.),  to  be  of  importance,  so  that  on  this  ground  we  can 
establish  the  classes  of  Platyhelminthes  or  flat  worms,  and  of 
Nemathelminthes  or  round  worms.    The  segmented  worms  (Annelida) 

possess  a  ventral  chain  of  ganglia 
in  addition  to  the  brain,  and  a 
segmentation  of  the  organs  which 
corresponds  more  or  less  with 
the  external  segmentation.  The 
portions  of  the  body  which  are 
primitively  alike  and  are  known 
as  segments  or  metameres  do 
not  by  any  means  always  re- 
main homonomous.  In  the 
most  highly  developed  segmented 
worms,  the  two  anterior  seg- 
ments unite  to  form  a  division 
of  the  body  which  foreshadows 
the  head  of  the  Arthrojyoda,  and, 
like  the  latter,  is  pierced  by  the 
mouth,  contains  the  brain,  and 
bears  the  sense  organs  (fig.  245). 
In  the  succeeding  metameres  there  are  also  frequently  variations  of 
form  which  disturb  the  homonomy. 

The  skin  of  worms  presents  very  diff-erent  degrees  of  consistence, 
and  covers  a  strongly  developed  muscular  system.  In  the  skin  we. 
can  distinguish  a  layer  of  cells  (hypodermis)  or,  at  any  rate,  a 
nucleated  layer  of  protoplasm  which  functions  as  a  matrix,  and  a 
superficial  homogeneous  cuticular  layer  which  is  secreted  by  the  farst- 
named  layer  or  matrix  and  in  the  lower  worms  is  extremely  thin  and 
delicate     In  the  Nemathelminthes  it  is  often  laminated,  and  can 


Fig.  245.  -  Head  and  anterior  segments  of 
Biinice  seen  from  the  dorsal  sm-face.  T, 
Tentacles  or  antennee  of  the  prEestomiimi ; 
Cf,  tentacular  cirri;  C,  cirri  of  the 
parapodia;  Br,  branchial  appendages 
of  the  parapodia. 
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even  be  separated  into  several  layers.  It  is  of  considerable  thickness 
in  many  Annelida  (Chcetopoda),  and  may  be  perforated  by  pores.  Cilia 
are  found  principally  in  the  larval  stages  of  Platyhelminthes  and 
Annelida.  Whei-e  there  are  no  cilia,  the  superficial  cuticular  mem- 
brane, which  may  project  in  the  form  of  tubercles  or  spines,  consists 
of  a  substance  allied  to  the  chitin  of  the  Arthropod  skin,  like  which  it 
may  bear  cuticular  formations  of  many  kinds,  such  as  hairs,  bristles, 
hooks,  etc.  In  many  Nemathelminthes,  as  well  as  in  segmented 
worms,  this  thick  cuticula  gives  rise  to  a  kind  of  exo -skeleton,  which 
opposes  the  contractions  of  the  dermal  muscular  envelope.  In  the 
Choitopoda  among  the  Annelida,  but  also  in  the  Rotifera,  the  tough 
integument  is  divided  into  a  number  of  sections  lying  one  behind  the 
other.  These,  like  the  segments  of  Arthropoda,  are  connected  by 
soft  portions  of  skin  and  moved  by  the  dermal  muscles,  which  are 
divided  into  corresponding  groups.  The  cutaneous  segments  of  the 
Rotifera  are  not  true  metameres,  since  there  is  no  segmentation  of 
the  internal  organs. 

Cutaneous  glands  are  very  widely  distributed ;  they  are  sometimes 
unicellular,  sometimes  polycellular,  and  are  sometimes  situated 
directly  beneath  the  epidermis,  sometimes  in  the  deeper  tissues  of 
the  body. 

The  tissue  which  lies  beneath  the  hypodermis,  and  which  we  may 
call  the  cutis,  contains  in  all  cases  longitudinal  and  in  some  cases 
also  circular  muscles,  and  so  constitutes  a  muscular  cutaneous  envelojoe, 
the  principal  locomotory  organ  of  worms.  Taking  into  consideration 
the  importance  of  this  dermal  muscular  system  in  the  locomotion  of 
worms,  we  must  attribute  a  certain  systematic  value  to  the  special 
forms  which  it  assumes,  a  value  which,  however,  we  must  be  careful 
not  to  exaggerate.  The  striitification  and  the  direction  of  the  fibres 
of  this  dermal  muscular  system  is  most  complicated  in  the  Platyhel- 
minthes and  in  the  Hirudinea  amongst  the  Chcetopoda,  for  here  we 
find  the  circular  and  longitudinal  muscles,  which  are  embedded  in  a 
l)asis  of  connective  tissue,  crossed  by  muscle  fibres,  which  run  in  a 
dorso-ventral  direction  (sometimes  also  by  fibres  running  obliquely). 
To  these  may  be  added  groups  of  muscular  fibres,  which  serve  to 
attach  the  internal  organs  to  the  integument.  The  suckers  of  the 
l^arasitic  worms,  the  pits  and  the  parapodia  with  their  sette  of 
< 'hmtopoda,xa\x%\AiQ  looked  upon  as  special  difterentiations of  the  dermo- 
muscular  envelope.  These  aids  to  locomotion  are  mostly  developed 
upon  the  ventral  surface.  The  suckers  and  their  accessory  hooks, 
<  t  c.,  are  situated  either  near  the  two  ends  or  in  the  middle  of  the 
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body ;  tlie  pavapodia  are  distributed  in  pairs  on  the  individual  m-^- 
ments  along  the  whole  length  of  the  body,  and  belong  to  the  dorsal  ii,s 
well  as  to  the  ventral  surface,  so  that  each  segment  bears  a  dorsal  and 
a  venti-al  pair  of  parapodia. 

The  internal  organization  of  Worms  is  extraoi-dinarily  various. 
In  those  ilat  and  round  worms  which  live  in  the  chyme  or  the  other 
organic  juices  of  the  higher  animals,  as,  for  instance,  the  Cestoda  and 
the  Acanthocepluda,  the  whole  of  the  digestive  apparatus,  including 
the  mouth  and  anus,  may  be  wanting ;  the  nutrition  in  such  cases 
taking  place  by  osmosis  through  the  body-wall.  When  the  alimen- 
tary canal  is  present,  the  mouth  is  usually  situated  ventrally  in  the 
anterior  region  of  the  body,  while  the  anus  is  placed  either  terminally 
at  the  posterior  end  of  the  body,  or  near  it  on  the  dorsal  surface. 
The  alimentary  canal  is  generally  simple,  and  is  only  exceptionally 
divided  into  numerous  portions  corresponding  to  the  special  functions. 
A  muscular  pharynx  can  most  often  be  distinguished,  also  a  well 
developed  stomach  and  a  short  rectum  opening  at  the  anus. 

The  nervous  system  appears  in  its  most  simple  form  as  an  unpaired 
ganglion  or,  when  the  two  parts  of  which  it  is  composed  are 
separated,  as  a  pair  of  ganglia  (fig.  76),  which  are  placed  near  the 
anterior  pole  of  the  body  above  the  oesophagus  and  genetically  may  be 
referred  to  the  apical  plate  of  Loven's  Chaitopod  larva.  The  nervous 
system  has  more  rarely  the  form  of  a  nerve  ring  surrounding  the 
oesophagus  and  connected  with  groups  of  ganglion  cells  {Neiimtoda). 
The  nerves  given  off  from  the  supra-cesophageal  ganglion  are  distri- 
buted symmetrically  forwards  and  laterally ;  they  supply  the  sense 
organs,  and  form  two  strong  lateral  nervous  trunks,  which  run  back- 
wards. In  still  higher  types  two  larger  ganglia  appear,  which  are  con- 
nected by  an  inferior  commissure  {Nemertinea).  In  the  Annelids  with 
degenerated  metameres  {Gephyrea)  there  is  in  addition  to  the  supra- 
cesophageal  ganglion  (the  brain)  a  ventral  nerve  cord  connected  with 
the  supra-cesophageal  ganglion  by  an  oesophageal  ring.  This  nerve 
cord  is  in  all  other  Annelids  divided  into  a  series  of  paired  ganglia, 
which,  in  most  cases,  correspond  to  the  segmentation.  The  lateral 
nerve  trunks  approach  each  other  in  the  middle  line  below  the  ah- 
mentary  canal,  and  constitute,  together  with  their  ganglia,  which  are 
connected  together  by  transverse  commissures,  a  ventral  chain  of 
aanglia,  which  is  connected  with  the  brain  by  the  cii'cum-cesophagea^^ 
commissures,  and  is  continued  to  the  hind  end  of  the  body,  giving  ott 
in  its  course  paired  nerves  to  the  right  and  left. 

The  sense  organs  are  represented  by  eyes,  auditory  apparatus,  and 
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tactile  organs.    The  hitter  are  joined  to  nervous  expansions  and 
special  integumentary  appendages  (tactile  hairs),  and  are  present 
even  in  the  parasitic  Worms  as  papillae  of  the  outer  skin  connected 
with  nerves.    In  the  free-hving  worms,  these  tactile  organs  fre- 
quently take  the  form  of  filiform,  tentacle-like  appendages  on  the 
head  and  segments  (cirri).    Axulitory  organs  are  not  so  generally 
present,  and  are  represented  by  auditory  vesicles  (otocysts)  either 
lying  on  the  brain  (some  Turhellaria  and  Nemertinea),  or  on  the 
oe:^ophageal  ring  (certain  branchiate  Worms  among  the  Annelida). 
The  organs  of  sight  are  simple  pigment  spots  in  connection  with 
nerves  {eye-sjjots),  and  may  be  provided  with  refractive  bodies.  The 
ciliated  pits  of  the  Nemertinea  have  been  regarded  as  organs  of  smell. 
The  cup-shaped  organs  of  the  Hirudinea  and  Gephyrea  are  also  sense 
organs. 

A   blood  vascular 
system  is  wanting  in 
the  Nemathelminthes, 
the  Rotifera,  and  the 
Platyhelminthes  with 
the  exception  of  the 
Nemertinea .  In 
these  cases,  the  nu- 
tritive fluid  passes 
endosmotically  into 
the  body  parenchyma 
or  into  the  body  cavi- 
ty, and  penetrates  the 
tissues  as  a  clear  chyle,  sometimes  containing  cellular  elements.   In  the 
Nemertinea  a  blood  vascular  system  is  present,  as  also  in  the  Gephyrea 
and  Annelida.    In  the  latter  it  obtains  the  highest  development,  and 
may  have  the  form  of  a  completely  closed  vascular  system  provided 
with  pulsating  trunks.    In  most  cases  a  dorsal  contractile  longitudinal 
trunk  and  a  ventral  vessel  can  be  distinguished ;  the  two  being 
connected  in  each  segment  by  arched  transverse  vessels,  which  aie 
sometimes  pulsatile.    Where  a  vascvxlar  system  is  present,  the  blood 
does  not  always  appear  clear  and  colourless  like  the  fluids  of  the 
body  cavity,  but  sometimes  has  a  yellow,  greenish,  or  more  frequently 
red  colour,  which  is  in  some  cases  connected  with  the  presence  of 
blood  corpuscles. 

The  function  of  respiration  is  usually  performed  by  the  general 
external  surface  of  the  body.    Among  the  Annelida,  however,  we 


Fig.  2-i6. — Section  through  a  body  segment  of  Eunice.  Br, 
branchial  appendages ;  C,  cirri ;  P,  parapodia  with  tuft 
of  bristles ;  D,  intestine  ;  N,  nervous  system. 
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find  in  the  large  marine  Chcetojwda  filiform  or  branched  gills,  which 
are  visually  appendages  of  the  parapodia  (fig.  246).  A  respiratory 
function  may  also  be  attributed  to  the  tentacles  of  the  Gephyrea. 

The  excretory  organs  are  I'epi-esented  by  the  so-called  watei'-vus- 
cular  system,  which  consists  of  canals  of  different  sizes,  symmetrically 
arranged  and  filled  with  a  watery  fluid  in  which  gi-anules  are  sus- 
pended ;  they  communicate  with  the  exterior  througli  one  or  more 
openings.    The  canals  begin  either  as  small  passages  in  the  tissues  of 
the  body,  or  free  funnel-shaped  openings  in  the  body  cavity.  In 
the  last  case,  they  may  subserve  other  functions ;  for  example,  they 
may  condvict  the  generative  products  out  of  the  body  cavity.    In  the 
segmented  Vermes  they  are  paired,  and  are  repeated  in  each  segment 
as  nej)hrid{a  or  segmental  organs  (fig.  70).    A  different  arrangement 
is  presented  by  the  two  lateral  canals  of  the  Nematoda,  which  lie  in 
the  so-called  latei'al  lines  or  areas,  and  open  by  a  common  excretory 
pore  in  the  region  of  the  pharynx. 

In  addition  to  sexual  reproduction  an  asexual  multiplication  by 
means  of  gemmation  and  fission  (rarely  by  formation  of  germinal 
cells)  is  widely  distiibuted,  especially  among   the   lower  forms. 
This  asexual  reproduction  is,  however,  frequently  confined  to  the 
larvae,  which  differ  from  the  sexually  mature  animal  in  form  and 
habitation,  and  play  the  part  of  an  asexual  generation  in  the  cycle 
of  development.     Almost  all  the  Platyhelminthes  and  numerous 
Annelida  are  hermaphrodite ;  the  Nemathelminthes,  the  Gephyrea,  and 
Rotifera,  and  also  the  branchiate  Annelids  are  of  separate  sexes. 
Many  Worms  pass  through  a  metamorphosis ;  the  larvae  are  charac- 
terised by  the  possession  of  a  praeoral  ring  of  cilia  (Loven's  larva), 
or  of  several  rings  of  cilia.    In  the  Cestoda  and  Trematoda,  wdiich 
possess  in  their  embryonic  stage  the  capability  of  asexual  reproduc- 
tion, the  metamorphosis  assumes  the  form  of  a  more  or  less  com- 
plicated alternation  of   generations  which  is  often  characterised 
by  the   difference  in  the   habitat  of   the  two   successive  stages 
of  development  and  by  the  alternation  of  a  parasitic  and  free 
life. 

The  vital  activity  of  the  Worms  is  in  general  of  a  low  order, 
corresponding  with  their  habitat.  Many  of  them  (Entozoa)  live  a? 
parasites  in  the  interior  of  the  organs  of  other  animals,  some  a> 
ectoparasites  on  the  external  surface  of  the  body,  and  feed  on  the 
juices  of  their  hosts.  Others  live  free  in  damp  earth,  or  in  mud ; 
others,  and  these  are  the  most  highly  orga,nized  forms,  inhabit  fresh 
and  salt  water. 


TUBBELLARIA. 


309 


CLASS  I.— PLATYHELMINTHES. 

Vermes  icith  a  flat,  more  or  less  elongated  body,  loith  cerebral  gan- 
ylion.  They  are  often  -provided  loith  suckers  and  hooks,  and  are  usually 
hermajyhrodite. 

The  series  of  forms  included  under  this  class  are  mostly  Entozoa, 
or  else  live  in  the  mud  and  beneath  stones  in  the  water.    In  their 
organization  they  occupy  the  lowest  place  among  the  worms.  Their 
body  is  more  or  less  flattened,  and  is  either  unsegmented  or  is  divided 
by  transverse  constrictions  into  a  number  of  successive  divisions, 
which,  although  forming  parts  of  one  animal,  yet  have  a  strong 
tendency  towards  individualisation,  and  frequently  attain  to  separa- 
tion and  lead  an  independent  life.    These  segments  are  products  of 
growth  in  the  direction  of  the  long  axis  of  the  body,  and  stand  in  a 
special  relation  to  reproduction.    They  are  by  no  means  to  be  con- 
sidered as  necessarily  indicating  a  high  grade  of  organization,  as  does 
the  segmentation  of  the  Annelida.    The  alimentary  canal  may  be 
altogether  wanting  (Cestoda),  or,  if  present,  may  be  without  an  anus 
{Trematoda,  Turbellaria).   The  nervous  system  is  usually  composed  of  a 
double  ganglion  above  the  oesophagus,  giving  off  small  nerves  anteriorly 
and  laterally,  and  two  stems  backwards.    In  many  Platyhelminthes 
simple  eye-spots  occur,  either  with  or  without  refractive  bodies,  and 
more  rarely  there  is  an  auditory  vesicle.    Blood-vessels  and  organs 
of  respiration  are  found  only  in  the  Nemertinea.    The  excretory 
(water  vascular)  system  is  everywhere  developed.    With  the  excep- 
tion of  the  Microstomidoi  and  Nemertinea,  hermaphroditism  is  the 
rule.    The  female  generative  glands  consist  of  distinct  yolk-glands 
and  ovaries.    The  development  very  frequently  takes  place  by  a  very 
complicated  process  of  metamorphosis  connected  with  alternation  of 


generations. 


07'der  1, — Turbellaria.* 


Free  living  Platyhelminthes  icith  oval  or  leaf-shajjed  body,  xoith 
soft  skin  covered  loith  cilia.    They  2Jossess  a  mouth  and  aproctous 

*  Duges,  "  Rccherches  sur  rorganisation  et  les  mceiu-s  cTe  Planaires  "  imi 
dex  S<}  Nat.,  Ser  I.,  Tom  XV.  A.  S.  Oerstedt,  "  Entvvurf  einer  systematischen 
J<.mtheilung  unci  speciellen  Beschreibung  der  Plattwiii-mern."  Copenhagen 
1844  De  Quatrefages,  Memoire  sur  quelques  Planaviees  marines,"  Aim  del 
;r  Schultze,  "  Beitragc  zur  Naturgeschichte  der  Turbellarien  " 

Greifswald,  1851.  L.  Graff,  "  Zur  Kenntniss  der  Turbellarien,"  Zcitsckriif  tiir 
W,ss<.  Zool.,  rem  XXIV.  L.  Graff,  "  Neue  Mittheilungen  iiber  Turbellarien  " 
ZnUc-h  f  Ki^s.  Zool.,  XXV.,  1875.  P.  Hallez,  "Contributions  a  I'histoire 
naturellc  des  Tm'bcllari6s,"  Lille,  1879  "i^Lone 
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alimentary  canal.    Hooks  and  suckers  are  absent.    A  cerebral  yanglion 
is  prese7it. 

The  Tarbellana  usually  possess  an  oval  flattened  body,  and  reach 
only  a  small  ske.  The  uniform  ciliation  of  the  body  is  connected 
with  their  existence  in  fresh  and  salt  water,  beneath  stones,  in  mud, 
and  even  in  damp  earth.  Only  in  exceptional  cases  do  we  meet 
with  apparatuses  for  adhering,  viz.,  small  hooks  and  suckers. 

The  skin  consists  of  a  single  layer  of  cells,  or  of  a  finely  granular 

layer  containing  nuclei,  which  is  sup- 
ported by  a  stratified  basal  membrane, 
and   covered   externally   by  a  special 
homogeneous  membrane  bearing  cil" 
and  comparable  to  a  cuticula.  Peculiar 
integumentary  structures,  which  have 
the  form  of  rods  or  spindles,  and,  like 
the  nematocysts  in  Cvdenterata,  take 
their   origin  in  cells,   are   not  unfre- 
quently  present.    Various  pigments  are 
also  often  found  embedded  in  the  epi- 
dermis, and  of  these  pigments  the  green- 
coloured  vesicles,  in  Vortex  viridis  for 
example,  which  are  identical  with  chlo- 
rophyl  corpuscles,  are  specially  worthy 
of  remark.    Pear-shaped  mucous  glands 
are  also  present.    Beneath  the  conspicu- 
ous basement  membrane  which  supports 
the  epidermis  lies  the  dermis.    It  con- 
tains  the   strongly   developed  derma) 
muscular  system  embedded  in  a  connec- 
tive tissue  layer  formed  of  round,  often 
branched  cells.    A  body  cavity  betwee 
the  body  wall  and  the  alimentary  cana 
is,  as  a  rule,  absent ;  it  may,  however 
in  many  cases  be  recognised  as  a  syste" 
of   lacunje,  or   as  a  continuous  cavi 
surrounding  the  alimentary  canal. 
The  nervous  system  consists  of  two  ganglia  connected  by  a  com 
missure,  and  giving  ofF  nerve  fibres  in  various  directions;  of  thes 
two  especially  large  lateral  trunks  run  backwards,  one  on  either  sid 
(fig  247)     The  latter  are  connected  at  regular  intervals  by  delicat 
transverse  trunks.    In  a  number  of  dendroccBlous  Turbellarians 


Fig.  247. — Alimentary  canal  andner- 
vons  system  of  Mesostomum  Ehren- 
bergii  (after  Graff).  G,  the  two 
cerebral  ganglia  with  two  eye 
spots;  St,  the  two  lateral  nerve 
trunks  ;  D,  alimentary  canal  with 
mouth  and  pharynx. 
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diverticulum  of  the  stomach  runs  forward  above  the  transverse 
commissure  in  a  groove  between  the  two  cerebral  lobes  {Leim->lana). 
In  some  i?enera  of  Planarians,  a  ring-shaped  double  commissure]  has 
been  shown  to  exist  in  the  brain  {Polycelis),  and  ganglion-like 
swellings,  from  which  nerves  are  given  off,  have  been  observed  on 
the  lateral  nerve-trunks  {Sphyrocephalus,  Polycladus). 

With  regard  to  sense  organs,  eye  spots  are  tolerably  widely  distri- 
buted among  the  TiMlaria.  They  either  lie  in 
pairs  upon  the  cerebral  ganglia  or  are  connected 
with  short  nerves  given  off  from  the  latter.  More 
frequently  two  larger  eyes  with  refractive  struc- 
tures are  developed.  Otocysts  are  but  rarely 
present,  'e.g.,  in  Monocelis  among  the  Rhahdoccela 
a  single  one  is  present  lying  upon  the  cerebral 
o-anelion.  The  integument  is  without  doubt  en- 
dowed  with  a  highly  developed  tactile  sense ;  the 
large  hairs  and  stiff  bristles  which  project  between 
the  cilia  may  possibly  be  of  importance  in  this 
relation.  Lateral  ciliated  pits,  which  may  also  be 
explained  as  sense  organs,  are  in  i-are  cases  present 
at  the  anterior  end  of  the  body  (compare  the 
Neviertinea). 

Mouth  and  digestive  apparatus  are  never  wanting^ 
but  the  former  is  frequently  removed  from  the 
ventral  surface  of  the  anterior  end  of  the  body  to 
the  middle  or,  indeed,  even  to  the  posterior  region. 
According  to  Metschnikoff  and  Ulianin,  a  stomach 
may  in  some  cases  be  absent  {Convoluta,  Schizo- 
prorco),  and  be  replaced,  as  in  Inftosoria,  by  a  soft 
internal  parenchyma.  The  mouth  leads  into  a 
muscular  pharynx,  which  can  usually  be  protruded 
after  the  manner  of  a  proboscis.  The  alimentary 
canal,  of  which  the  intei'nal  wall  is  freqiiently 
ciliated,  is  either  forked  and  then  simple  or 
branched  (^Dendroccela),  or  rod-shaped  (Bhabdo- 
c(da).  An  anus  is  never  present.  A  pecu.liar  tube  capable  of  being 
evaginated  as  a  proboscis,  and  without  connection  with  the  pharynx 
is  sometimes  also  present  (Prostomum). 

The  excretory  (water-vascular)  system  consists  of  two  transparent 
lateral  trunks  and  innumerable  side  branches,  which  begin  with 
closed  ciliated  funnels,  and  are  furnished  with  vibratile  cilia,  which 


Fig.  248.— Microsto- 
mum  lineare,  after 
Graff.  O,  Chain 
produced  by  fis- 
sion ;  O',  mouth 
openings. 
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project  here  and  there  freely  into  the  vessels.  As  a  rule,  severtil 
openings  occur  on  the  main  trunk  of  this  excretory  apparatus. 

Reproduction  may  take  place  asexually  by  transverse  fission, 
Derostomea  (Catenula)  and  Microatomea  (fig.  248).  With  the 
exception  fof  the  Microatomea,  the  Turhellaria  are  hermaphrodit(^  -. 
but  stops  intermediate  between  the  hermaphrodite  and  the  dioecious 
condition  seem  by  no  means  to  be  wanting,  for,  according  to 
Metschnikolf,  in  Proatomum  lineare  the  male  generative  organs 
are  sometimes  developed,  while  the  female's  remain  rudimentaxy  ; 

and  sometimes,  on  the  othci' 
hand,  the  reverse  holds.  In 
Acmoatomum  dicecum  also  the 
sexes  are  separate.  In  the  hei- 
maphrodite  forms  the  male  sexual 
organs  consist  of  testes,  which 
mostly  lie  as  paired  tubes  at  the 
sides  of  the  body,  also  of  vesi- 
culfe  seminales,  and  of  a  protru- 
sible  copulatory  organ  beset  with 
hooks.  The  female  organs  con- 
sist of  ovaries,  yolk  glands 
(vitellarium),  a 
seminis,  a  vagina, 
(fig.  249).  The 
tory  organ  and  the  vagina  open 
as  a  rule  by  a  common  orifice 
upon  the  ventral  surface.  Some- 
times, as  in  the  Rhabdocoele 
genus  Macrostomum,  the  vitella- 
rium (yolk  gland)  and  ovary 
are  united;  the  ova  being 
pi-oduced  at  the  upper  blind  end 
of  the  ovary,  and  the  yolk  at  the 
lower  end  of  the  same  gland.  In  the  marine  Dendrocoela,  on  the 
other  hand,  the  vitella.rium  is  generally  absent.  After  fertilization, 
a  hard,  usually  reddish-brown  shell  begins  to  be  formed  round  the 
ovum.  In  such  cases,  the  hard-shelled  eggs  are  laid ;  but  among  the 
E-habdocoela,  in  Schizostomum  and  certain  Mesoatomea  {M.  Ehren- 
hercjii),  transparent  eggs  furnished  with  thin,  colourless  capsules, 
and  undergoing  development  in  the  body  of  the  parent,  are  often 
produced.    According  to  Schneider,  the  production  of  these  thin- 


receptaculum 
and  a  uterus 
male  copula- 


FiG.  249.— Generative  apparatus  of  Mesosto- 
mum  JElirenhergii  (combined  from  Craif 
and  Schneider).  S,  Pharynx  ;  Go,  sexual 
openings;  Ov,  ovary;  Uf,  uterus,  with 
winter  eggs  ;  Bo,  yolk  gland ;  Dg,  duct 
of  yolk  gland;  T,  testis;  T'd,  vas  deferens  ; 
P,  penis  ;  En,  receptaculum  seminis. 
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shelled  or  summer  eggs  invariably  precedes  that  of  the  hard-shelled 
or  vnnter  eggs,  and  the  summer  eggs  are  normally  self -fertilized. 

In  rare  cases  the  hemaphrodite  generative  organs  present  a 
segmentation  recalling  that  of  the  Cestoda  [Alaurina  composita). 

The  freshwater  Turbellaria,  as  well  as  many  of  the  marine  forms, 
undergo  a  simple  direct  development,  and  in  the  young  sta,te  are  often 
difficult  to  distinguish  from  Infusoria.  Other  marine  Denclroccela 
undergo  a  metamorphosis,  the  larvfe  being  characterised  by  the 
possession  of  iingei'-shaped  ciliated  lobes  (tig.  251). 

(1)  Sub-order  :  Rhabdocoela.  The  body  is  round  and  more  or  less 
flat.  The  intestine  is  cylindrical,  and  there  is  usually  a  protrusible 
pharynx.    They  ai'e  usually  hermaphrodite. 

The  Rhabdoccelous  Ttxrbellarians  are  the  smallest  and  most  simply 
organised  foi^ms.    The  intestine  is  cylindi-ical  and  elongated,  and  is 
sometimes  provided  with  lateral  diverticula.    The  position  of  the 
mouth  varies  exceedingly,  and  has  been  employed  as  a  principal 
characteristic  for  distinguishing  the  various  families.  Sometimes 
saHvary  glands  are  present,  opening  into  the  pharynx.  According 
to  Ulianin's  discovery,  which  has  been  several  times  confirmed,  the 
alimentary  canal  may  be  wanting  in  many  forms,  and  be  replaced 
by  a  central  cavity,  filled  with  a  substance  containing  numerous 
vacuoles  and  rich  in  oil  globules  {Convohita,  Schizoprora,  Nadina). 
In  those  Rhabdocoela  which  possess  an  alimentary  canal,  interstices 
and  spaces  in  the  connective  tissue  parenchyma  are  often  present : 
these  must  be  related  to  a  body  cavity.  In  some  cases  (in  Frostomiim) 
the  body  cavity  may  be  recognised  as  a  continuous  space  filled  with 
fluid  and  surrounding  the  alimentary  canal.    The  Rhabdocoela  live 
on  the  juices  of  small  worms  and  of  the  larvse  of  Entomostraca  and 
Insecta,  which  they  envelop  with  a  cutaneous  secretion  containing 
small  rods,  and  afterwards  suck.    They  are  mostly  inhabitants  of 
fresh  water,  and  only  a  few  of  them  are  to  be  met  with  in  the  sea 
or  upon  the  land  {G-eocentrophora  sphyrocephalcC). 

Fam.  Opisthomidse.  The  mouth  is  placed  at  the  posterior  end  of  the  body 
and  leads  into  a  tubular  pharynx,  which  can  be  protruded  like  a  proboscis. 
Moiiflcelis  agilix  M.  .Sch.,  OjiMJiumyiii  jxiUidiim.  0.  S. 

Fam.  Derostomidae.  Mouth  placed  slightly  behind  the  anterior  margin  ; 
pharynx  barrel-shaped.  Berostwmm.  Sclimidtianum  M.  Sch.,  Vortex  viridis, 
II.  Sch.,  Qitcniila  Icmncc  Dug. 

Fam.  Mesostomidse.  Mouth  placed  nearly  in  the  middle  of  the  body, 
pharynx  ringlike,  cylindrical  or  resembling  a  sucker.  MrsoHomum  Elircnlerqii 
Oerst.,  with  two  eyes. 

Fam.  Convolutidae.   (^AcoeUC).    Without  alimentary  canal.    The  ovaries  and 
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yolk  glands  arc  not  separate.    Convohita  Oerst.    C.  2}aradiixa  Oerst.,  North 
Sea,  Baltic.    Schizoprora  0.  H. 

Fam.  ProBtomidse.  The  mouth,  which  is  fiituatc  on  the  ventral  surface,  lead- 
into  a  muscular  pharynx.  At  the  anterior  end  tliere  is  a  protrusible  tactile- 
proboscis  furnished  with  papillas.  Prostomum  Oerst.  {Gyratin'  Ehrbg:.).  I\ 
llnearc  Oerst.  With  pointed  penial  spine  at  the  posterior  end,  imperfectly 
hermaphrodite,  living  principally  in  fresh  water.  Pr.  hflr/dlandiniiii.  Kof. . 
completely  hermaphrodite. 

Fam.  MicrostomidaB.  i//tY//>r7wcBZ«  with  separate  sexes.  The  small  but  vci  y 
extensible  mouth  lies  near  the  anterior  end  of  the  body.    There  are  laterally 

placed  ciliated  pits  near  tli< 
anterior  end  of  the  body. 
Formation  of  metamen- 
and  transverse  fission  tit  - 
quently  occur.  MicroKtu- 
wnm  lincari;  Oerst.  (fii:. 
248). 

(2)  Sub-order:  Den- 
drocoela.  The  body  Is 
broad  and  flat,  and  the 
lateral  margins  are  often 
plicated.  There  are  ten- 
tacle-like processes  at 
the  anterior  end.  There 
is  a  branched  alimentary 
canal  and  a  muscular 
pharynx  which  is  usu- 
ally protrusible.  They 
are,  as  a  rule,  herma- 
phrodite. 

The  DendroccBla  are 
mostly  marine,  but  also 
live  in  fresh  AA-ater  and 
on  land.    In  their  ex- 
ternal appearance  they 
resemble    the  Trema- 
todes,  and  the  branching 
of    their    straight  or 
forked    intestine    is  a 
character  common  to  the  larger  species  of  the  latter.  Compared 
with  the  RhahcMa,  they  are  distinguished  by  the  greater  develop- 
ment of  their  bi-lobed  cerebral  ganglion,  as  well  as  by  the  greater 
number  of  theix-  eyes  (fig.  250).     The  rows  of  papilL.    or  the 
tentacle-like   processes   at  the  anterior  end   of   the  body  h.ne 


Fig.  250.— Anatomy  of  Folyeelh  pallida  (after  Quatre- 
fages).  G,  Cerebral  gangUon  with  the  nerves  given 
off  from  it ;  O,  mouth  ;  D,  branches  of  intestine  ;  Ov, 
ova;  Od,  oviduct;  r,  vagina;  W.Ooe,  female  gene- 
rative opening;  T,  testes;  M.Goc,  male  generative 
opening. 
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probably  the  function  of  tactile  organs.  The  mouth  usually  lies 
in  the  middle  of  the  body,  and  leads  into  a  wide  and  protrusible 
pharynx.  The  skin  is  often  provided  with  glands,  the  secretion 
of  which  in  certain  land  Plcmaria  {Bij)aliic7n,  Bhynohodesonus) 
hardens  to  a  fibrous  web.  They  are  almost  always  hermaphrodite. 
The  fresh-water  forms  possess  a  common 
generative  opening,  while  in  the  marine 
forms  the  geneiutive  openings  are  usu- 
ally separate  (fig.  250).  In  the  latter 
case  a  separate  vitellarium  is  absent. 
In  some  marine  forms  development 
takes  place  with  metamorphosis,  as  is 
shown  by  the  larva  discovered  by  J. 
Miiller,  which  possessed  six  provisional 
finger-like  ciliated  lobes  (fig.  251). 
In  the  fresh- water  Planarians  develop- 
ment is  direct.  The  cocoon,  when  laid, 
contams  four  to  six  small  eggs.  At  the 
close  of  segmentation  there  is  developed 
a  layer  of  cells,  which  is  said  to  split 

into  two  layers,  an  upj)er  or  animal  layer,  from  which  are  derived 
the  body  wall  and  muscular  system,  and  a  lower  or  vegetative,  from 
which  the  alimentary  canal  is  formed.  The  marine  Dendrocoda  fre- 
quently deposit  their  eggs  in  the  form  of  broad  bands. 

1.  Monogonopora    Stimps.  Den- 
Mk.  drocoela   with    single  sexual  opening. 

The  land  and  fresh-water  Planaria  be- 
long to  this  group. 


Fig.  251.— Larva  of  JEtiri/lepta  atiri 
ciilata,  after  Hallez. 


\ 


Fain.  Planariadse.    The  body  is  of  a  long, 
oval,  flattened  shape,  and  is  often  provided 
with  lobed  processes,  more  rarely  with  ten- 
tacles, and,  as  a  rule,  with  two  eyes,  which 
are  provided  with  lenses.    Planaria  0.  Fr. 
Miiller,  two  eyes,  no  tentacles.    PI.  torva. 
M.  Sch.  (divided  by  0.  Kchmidt  into  lugt/irix, 
2>(ihjcJiroa,  and  torva^  (fig.  2.52).    PI.  dioica 
Clap.,  with   separate  sexes,  Bendrocwlwii 
Oerst.     Distinguished  by  the  possession  of 
lobed  processes  on  the  head,  also  by  the 
presence  of  a  copulatory  organ  placed  in  a  special  sheath.    D.  lactcnm  Oerst., 
Polijcelh  nigra,  hrnnnca  0.  Fr.  Miill.  ' 
Fam.  Geoplanidae.*    Land  Planarians.    They  are  characterised  by  their 
*  Besides  M.  Schultze.  Stimpson.  MetschnikofP,  Grube.  etc.,  compare  H.  N. 


a 


Fig,  252.— Planaria  pohjcliroa  («), 
lufftibrui  (6),  torm  (c),  about  twice 
the  natural  size  (after  0. 
Schmidt). 
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elongated  and  llattcned  body,  which  is  provided  with  a  foot-lilce  ventral  surface, 
Gcoj)la)UL  lapidicohi,  .Stinips.,  Jthijiu-hoditginuti  tan-entru  Gm.  {Fasainlti  terrcxtrU, 
O.  Fr.  Miillor),  Earopc.  OeodcuinHH  hUinetUus,  Metsohn.,  witli  thread  cells  in 
the  integument,  found  in  potter's  earth. 

2.  Digonopora.  Z)mfZrocceZa  with  double  sexual  opening.  Almost 
all  are  marine.  The  proboscis  is  often  folded  and  lies  within  a 
special  pouch.    When  protruded,  it  spreads  out  like  a  lobe, 

Fam.  Stylochidse,  The  l)ody  is  flat  and  rather  thick,  and  is  provided  with 
two  short  tentacles  on  the  head.  There  are  usually  numerous  eyes  on  the 
tentacles  or  on  the  head.  The  genital  openings  are  posterior.  Stylorhm  viacii- 
latm  Quatr. 

Fam.  LeptoplanidsB.  Body  flat  and  broad,  usually  very  delicate.  Cephalic 
region  not  distinct,  withoi;t  tentacles.  The  eyes  are  more  or  less  numerous. 
The  mouth  is  visually  placed  in  front  of  the  middle  of  the  bwly.  The  genital 
openings  lie  behind  it.    Lcpto^platxa  trcmvllaru  0.  Fr.  Mlill.,  Mediterranean. 

Fam.  Euryleptidae,  Body  broad,  and  either  smooth  or  furnished  with 
papilliB.  There  arc  two  tentacle-lilce  lobes  on  the  anterior  region  of  the  head. 
'J'he  mouth  is  placed  in  front  of  the  middle  of  the  body.  Numerous  eyes  are 
disposed  near  the  anterior  margin.  Marine,  Thymmznon  Dic-nngii  Gr, 
Mediterranean,    Eurijlcpta  auriculata  0,  Fr.  Miiller,  North  Sea, 

Order  2. — Trematoda.* 

Parasitic  Platyhelminthes  loith  unsegmmtecl,  usioally  leaf-shajjed, 
rarely  cylindrical  body.  They  j^ossess  a  mouth  a7id  ventrally  lilaced 
organ  for  attachment :  the  intestine  is  forked  and  loithout  an  anus. 

The  Trematodes  are  with  great  probability  to  be  derived  from 
the  Turhellaria,  with  which  group,  both  in  form  and  organization, 
they  show  a  close  relationship.  In  connection  with  their  parasitic 
mode  of  life  they  develop  special  organs  for  adhering,  such  as 
suckers  and  hooks.    Cilia  are  present  only  in  larval  life. 

The  mouth  is  invariably  placed  at  the  anterior  end  of  the  body, 
usually  in  the  middle  of  a  small  sucker  (fig.  253).  It  leads  into 
a  muscular  pharynx  with  a  more  or  less  elongated  oesophagus,  which 
is  prolonged  into  a  forked  intestine  ending  blindly. 

Moseley,  •'  Notes  on  the  Structure  of  Several  Forms  of  Land  Planarians,"  etc. 
Jovrncd  of  Micv.  Science,  vol.  xvii. 

*  a;  v.'  Nordmann.  "  Mikrographische  Beitrage  7.ur  Kenntniss  der  ^virbellasen 
Thiere "  ' Berlin,  1832.  G.  G.  Cams,  "  Beobachtung  liber  Leucochloridium 
parado'xum,  etc.."  Nov.  Act.,  vol.  xvii.,  1835.  Wagener.  "  Ueber  Gyrodactylus 
elegans  "  jVuUcr's  ArcJtiv..  1860.  Van  Beneden,  "  Memoire  sm-  les  vers  mtes- 
tinaux,"  Paris,  18(il.  E.  Zeller,  "  Untersuchungen  liber  die  Entwickelung  uiid 
den  Bau  von  Polystoma  integerrimum.  ZeUxrlir.  f.  wis.t.  Zool.,  vol.  xxii.,  1872. 
E  Zeller  "Untersuchungen  liber  die  Entwickelung  von  Diplozoum  paradox- 
nm  "  did.,  vol.  xxiii.,  1873.  B.  Zeller,  "  Ueber  Leucochloridium  paradoxnra 
unci'  die  weitere  Entwickelung  seiner  Distomumbrut."  Ihid..  Tom  XXlV. 
E,  Zeller,  "  Weiterer  Beitragzur  Kenntniss  der  Polystomeen,"  Ihid.,  xxvu.,  18/6. 
Compare' also  the  works  of  G.  Wagener  and  De  Filippi. 
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The  excretory  apparatus  consists  of  two  large  lateral  trunks  and 
a  network  of  fine  vessels  permeating  the  tissues  and  beginning  with 
small  ciliated  lobules.  The  two  large  trunks  open  into  a  common 
contractile  vesicle,  which  opens  to  the  exterior  at  the  posterior  end 
of  the  body  (fig.  353,  ^^:>).  The  excretory  system  contains  a  watery 
fluid  with  granular  concretions.  This  fluid  is  probably  an  excretory 
product,  corresponding  to  the  urine  of  higher  animals. 

The  nerroics  system  consists  of  a  double  ganglion  lying  above  the 
(Bsophagus,  and  from  it  several  small  nerves  and  two  posteriorly 
directed  lateral  trunks  are  said  to  be  given  ofl".  Eye  sjMs  with 
refractive  bodies  are  sometimes  present  in  the  larvae  during  their 
mierations.  Locomotion  is  efiected 
by  the  dermal  muscular  system  and 
the  organs  of  attachment,  viz.,  the 
suckers  and  hooks,  which  present 
numerous  modifications  in  number, 
form,  and  arrangement.  In  general, 
the  size  and  development  of  these 
organs  are  related  to  the  endo- 
parasitic  or  ecto-parasitic  mode  of 
life.  In  the  endo-parasitic  Trema- 
todes  they  are  less  developed,  and 
usually  consist  of  the  oral  suckei-  and 
a  second  larger  sucker  on  the  ven- 
tral surface,  either  near  the  mouth, 
as  in  Distoimom,  or  at  the  opposite 
pole  of  the  body  [Amjjhistomicm). 
This  large  sncker  may,  however,  be 
absent  (^Monostomum).  The  ecto- 
parasitic  Polystomea,  on  the  other 
hand,  are  distinguished  by  a  much 
more  powerful  armature,  for  besides 
two  smaller  suckers  at  the  sides  of  the  mouth,  they  possess  one  or 
more  large  suckers  at  the  posterior  end  of  the  body  (fig.  258),  which, 
moreover,  may  be  supported  by  rods  of  chitin.  There  are  often 
in  addition  chitinous  hooks,  and  very  frequently  two  larger  hooks 
among  the  posterior  suckers  in  the  middle  line  [H). 

The  Trematoda  are  mostly  hermaphrodite.  As  a  rule,  the  male  and 
female  generative  openings  lie  !~ide  by  side,  or  one  behind  the  other, 
not  far  from  the  middle  line  of  the  ventral  surface,  near  the  anterior 
end  of  the  body  (fig.  254).    The  male  opening  leads  into  a  sac,  the 


Fig.  253.— Younp:  Disiomum  (after  La 
Valette).  Ex,  trunk  of  the  excretory 
(water  vascular)  system  ;  JSp,  excre- 
tory pore;  O,  mouth  with  sucker; 
S,  sucker  in  the  middle  of  the  ventral 
surface  ;  P,  pharynx ;  B,  forked  in- 
testine. 
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cirrus  sac,  which  encloses  the  pvotrusible  terminal  part  (cirrus)  of  the 
vas  deferens.  Tlie  vas  deferens  soon  divides  into  two,  which  lead 
back  to  the  two  large  simple  or  multilobed  testes.  The  supposed 
third  vas  deferens,  which,  Jiccording  to  v,  Siebold,  runs  from  one 
testis  to  the  female  sexual  appai'atus,  so  as  to  permit  of  direct  ferti- 
lization without  copulation,  has  heen  recognized  as  a  vagina  opening 
to   the   exterior  on  the  dorsal  surface   (canal  of  Laurer).  The 

female  organs  consist  of  a  convo- 
luted uterus  and  of  the  glands 
concerned  in  the  preparation  of  the 
egg,  viz.,  an  ovary  and  two  yolk 
glands.  There  is  sometimes  in  ad- 
dition a  special  shell  gland.  The 
true  ovaiy  which  produces  the  pri- 
mary ova  is  a  round  body,  and  is 
usually  placed  in  front  of  the  testes. 
The  yolk  glands  which  secrete  the 
yolk  are  much  i-amified  tubular 
glands,  and  fill  the  sides  of  the  body 
(fig,  254).  The  yolk  particles  come 
in  contact  with  the  primary  ova  in 
the  first  portion  of  the  uterus,  and 
surround  them  in  greater  or  less 
quantities.  Subsequently  each 
ovum,  with  its  investment  of  yolk, 
is  surrounded  by  a  strong  shell.  The 
ova  in  their  passage  along  the  uterus 
become  packed  together,  often  in 
great  numbers,  and  undergo  the 
stages  of  embryonic  development 
in  the  body  of  the  parent.  Most 
Trematodes  lay  their  eggs;  only  a 
few  are  viviparous. 

The  just-hatched  young  either 
possess  (in  most  Polystomea)  the 
form  and  organization  of  the  parent;  or  they  present  the  phenomenon 
of  a  complicated  alternation  of  generations  (heterogamy)  connected 
with  a  metamorphosis  {Distomea).  In  the  first  case,  the  large  eggs 
become  attached  in  the  place  where  the  mother  lives;  in  the  last 
case,  the  relatively  small  eggs  are  deposited  in  a  damp  place,  usually 
in  the  water.    After  the  completion  of  the  segmentation  and  the  em- 


Fig.  254. — Bistomum  hrp<ificum  (after 
Sommer).  O,  Mouth;  Z>,  limb  of  in- 
testine; S,  sucker;  T,  testes;  Bo, 
vitellarium  ;  Ov  (uterus),  oviduct ;  Dr, 
accessory  glands. 
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biyonic  development,  the  contractile,  usually  ciliated  embryos*  (fig. 
255,  a),  Avhicli  already  possess  the  first  rudiments  of  an  excretory 
system  and  more  rarely  a  sucker  with  a  mouth  and  alimentary  canal, 
leave  the  egg  and  wii'nder  about  independently  in  search  of  a  new  host. 
The  latter  is,  as  a  rule,  a  snail,  into  the  interior  of  which  they  pene- 
trate and  there  become  transfoi'med  into  simple  or  branched  Sporocysts 
(without  mouth  and  alimentary  canal,  fig.  255,  c),  or  into  Reclice 
(with  mouth  and  alimentary  canal,  fig.  255,  d).  These  give  rise,  by 
means  of  the  so-called  germs  [cells  lying  in  the  body  cavity  of  the 


c  d  e 


Fig.  255. — Developmental  history  of  Distomum  (partly  after  E.  Leuckart).  a,  free  swimming 
ciliated  embryo  of  the  liver  fluke,  h,  the  same  in  a  state  of  contraction  with  rudimentary 
alimentary  canal  {D)  and  cell  mass  (Ov)  (rudiments  of  the  genital  glands).  Ex,  ciliated 
apparatus  of  the  rudimentary  excretory  system,  c,  sporocyst  developed  from  a  Distomimi 
embi-yo,  filled  with  Cercariae  (C)  ;  B.  Boring  spine  of  a  Cercaria.  d  Redia  with  pharynx, 
(Ph),  and  alimentary  canal  (D)  ;  O,  mouth ;  Ex,  Excretory  organ ;  C,  Cercaria  inside 
Redia.   e.  Free  Cercaria  ;  S,  sucker  ;  D,  alimentary  canal. 

sporocyst  or  redia],  which  probably  correspond  to  the  germinal  cells 
(primitive  ova)  of  the  rudimentary  ovary,  to  the  generation  of  the 

*  As  E.  Leuckart  has  rightly  observed,  the  B\Gycm  'ula>,  which  were  regarded 
as  Mewzoa  by  Ed.  v.  Beneden,  as  well  as  the  Orthoncctida-,  which  have 
recently  been  especially  investigated  by  Giard  and  E.  Metschnikoff,  and  which 
in  the  reproductive  stage  do  not  rise  above  a  form  corresponding  to  the  embryos 
of  Trematodes,  recall  these  Distomum  larvjB. 
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tailed  Cercaricu,,  or  to  another  generation  of  SjwrocyHta  or  RedicB* 
which  then  produce  the  Cercariae. 

The  Cercarice  are  nothing  else  than  Distoimini  larvae,  whicli 
eventually  reach  (often  only  after  two  migrations,  an  active  and  a 
passive  one)  the  final  host,  where  they  become  sexually  mature. 
They  are  furnished  with  an  exceedingly  motile  caudal  appendage, 
frequently  with  a  buccal  spine,  and  occasionally  with  eyes,  and  they 
present  in  the  rest  of  their  organization  great  resemblances  to  the 
adult  JHstomum,  excepting  that  the  generative  oi-gans  are  not 
developed.  In  this  form  they  leave  independently  the  body  of  the 
Redia  or  Sporocyst  and  of  the  host  of  the  latter,  and  move  aljout 
in  the  water,  partly  creeping  and  pai-tly  swimming.  Hei-e  they 
soon  find  a  new  host  (Snail,  Worm,  Insect  larva.  Crustacean,  Fish, 
Batrachian),  into  which  they  penetrate,  aided  by  the  powerful 

J  vibrations   of  their   tail ;  they  then 

lose  the  latter  and  encyst. 

The  Cercarice  from  the  interior 
of  the  snail  thus  become  distributed 
amongst  a  number  of  hosts,  and  each 
of  them  gives  rise  to  an  encyste 
young  Bistomum  without  generative 
organs.  This  young  Distomum  mi- 
grates passively  with  the  flesh  of  its 
host  into  the  stomach  of  another 
animal,  and  thence,  freed  from  its 
cyst,  into  the  organ  (intestine,  bladder 
etc.),  in  which  it  becomes  sexually 
mature. 

There  are,  then,  as  a  rule,  three 
different  hosts  in  the  organs  of  which 
the  different  developmental  stages 
[Redia  or  S2JoroGyst,  encysted  form, 
sexually  mature  animal)  of  the  Distomum  bury  themselves.  The 
transitions  from  one  host  to  another  are  effected  partly  by  inde- 
pendent migration  (embryos,  Cercarise),  partly  by  passive  migration 
(encysted  young  Distomum). 

Modifications  of  the  ordinary  course  of  development  may,  however, 
take  place  ;  these  may  be  either  complications  or  simpHfications.  The 
embryo  at  hatching  may  contain  a  single  Redia  (as  in  Monostomum 

*  In  Cercaria  cystophora  from  Playiorlh  marfiimtm ;  according  to  G. 
Wagener,  the  primafy  asexual  indiyidual  is  a  Sporocyst,  the  secondary  a  hedm. 


Fig.  256. — a.  Embryo  of  Diplodiscus 
mbclavatus  (after  G.  Wagener). 
B,  Alimentary  canal ;  Ex,  excre- 
tory system.  6,  Embryo  of  Mo- 
nostomum mntahile  (after  v.  Sie- 
bold).  P,  Pigment  spots  ;  Ji, 
redia  intho  interior  of  the  embryo. 
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fiavum  and  mxdahile),  which  it  carries  about  until  it  enters  the  first 
host  (fig.  256,  6).  In  other  cases  the  course  of  development  is  sim- 
plified by  the  omission  of  the  second  intermediate  host,  viz.,  that 
which  contains  the  encysted  immatui'e  Distomum  {Cercaria  macro- 
cerca  of  Distomiwi  cygnoides,  also  Leucochloriclium  in  the  tentacles  of 
Helix  succinea). 

(!)  Sub-order  :  Listomea.  Trematodes  with  at  most  two  suckers, 
without  hooks.  They  develop  with  a  complicated  alternation  of 
generations.  The  asexual  individuals  and  the  larvae  live  principally 
in  MoUusca,  the  sexually  mature  animals  in  the  alimentary  canal  of 
Vertebiutes. 

The  sexes  are  completely  separated  in 
Distonmm  hcematohium  (from  the  veins  of 
man);  individuals  of  the  two  sexes  being 
united  in  pairs  (fig.  257).  Dimorphic  forms 
are  found  in  certain  species  of  the  genera 
Monostomum  and  Distomum  in  connection 
with  the  division  of  labour  of  the  sexual 
functions ;  one  individual  develops  only  male 
sexual  organs,  and  the  other  only  female,  the 
former  producing  spermatozoa  and  the  latter 
The   rudiment   of    the  functionless 


ova. 


generative  gland  undergoes  in  these  cases  a 
more  or  less  complete  degenei-ation.  Such 
Distomea  are  morphologically  hermaphrodite, 
but  practically  of  separate  sexes. 

The  complete  biology  and  developmental 
history  is  unfortunately  only  satisfactorily 
known  for  a  few  species  which  can  be  fol- 
lowed through  all  the  stages  of  development. 


Pig.  257 — Dittomum  hcemato- 
hium. Male  and  female, 
the  latter  being  in  the 
canaUs  gynascophorus  of 
the  former.    S,  sucker. 


Fam.  Monostomidae.  Of  an  oval,  elongated,  more  or  less  rounded  form,  with 
only  one  siicker,  which  surrounds  the  mouth.  Monostomum  Zeder.  Sucker 
surrounding  the  mouth  ;  pharynx  poweiful.  Sexual  openings  but  slightly 
removed  from  the  anterior  end.  M.  imitah  'de  Zeder,  in  the  body  cavity  and  in 
the  orbit  of  various  water-birds  ;  viviparous.  M.  Jiavum  Mehlis,  in  water-birds, 
develops  from  Cercaria  ephemera  of  PlanorMs.  M.  lentis  v.  Nordm.,  the 
young  form  without  generative  organs  is  found  in  the  lens  of  the  human  eye. 
M.  hipartitum  Wedl.,  living  in  pairs  enclosed  in  a  common  cyst,  the  one  indi- 
vidual surrounded  by  the  lobed  posterior  end  of  the  other  ;  branchiae  of  Tunny- 
fish. 

Fam.  Distomidae.  Body  lancet-shaped,  fi-equently  spread  out,  more  rarely  elon- 
gated and  rounded  with  a  large  median  sucker ;  in  fi'ont  of  which  lie  the  genital 
openings,  usually  close  together. 
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Listoimm.  Median  sucker  approached  to  the  anterior  one.  D.  hr2)aticum  I,. 
Liver  Huivc.  With  conical  anterior  end,  and  numerous  spine-hke  prominenci , 
on  the  surface  of  the  broad  leaf-shaped  body,  whicli  is  about  :{0  mm.  l(;ij... 
Lives  in  the  bile-ducts  of  sheep  and  other  domestic  animals,  and  produce, 
the  liver  disease  of  the  sheep.  It  is  occasionally  found  in  Man,  and  bores  iis 
way  into  the  portal  vein  and  into  the  system  of  the  vena  cava.  The  elor.gad  d 
embryo  only  develops  after  the  egg  has  remained  a  long  time  in  water  ;  it  Im, 
a  continuous  ciliated  envelope  with  an  X-shaped  eye-spot.  E,  Leuckarfs  i<> 
searches  have  rendered  it  proljable  that  tlie  development  is  passed  througli  iu 
the  young  Limnceux  2>erc(j(;r  and  triincatidux,  that  here  the  embryo  becomes  a 
Sjwrocyxt,  and  that  this  produces  Rcdla:,  in  which  it  is  supposed  that  tailless 
Distomea  arise. 

[The  life-histoiy  of  the  liver-fluke  has  been  completely  worked  out  by  A.  1'. 
Thomas  (Q^iart.  Journal  of  Miaroscojrical  Sci.  1883,  pp.  99—133).  He  has 
shown  that  the  ciliated  embryo  passes  into  LimncEua  truncatulvs,  and  theie 
gives  rise  to  a  s^jorooyxt  which  iwoduces  redise.  The  n-dice  produce  moie 
rt'dice  or  Ctircaria;.  The  CercarioB,  which  are  provided  with  long  tails.  lea\  (' 
the  host  (^Limnceus  trvncatnlvs),  swim  about  for  a  short  time  in  the  water,  and 
encyst  on  foreign  objects,  e.g.  blades  of  grass.  In  this  condition  they  are  eaten 
by  the  sheep.] 

D.  crassuin  Busk.,  in  the  alimentary  canal  of  the  Chinese,  one  to  two  inches 
in  length,  and  half-inch  broad,  without  spinous  prominences,  with  a  simple 
forked  intestine.  B.  lanceolatum  Mehlis.  Body  elongated  into  the  fonn  of  a 
lancet,  8 — 9  m.m.  long,  lives  in  the  same  place  with  B.  licjjaticum.  The  embryo 
develops  at  first  in  water,  is  pear-shaped,  and  only  ciliated  on  the  anterior  half 
of  the  body,  bears  a  styliform  spine  on  the  projecting  apex.  B.  o2)htlmlviohium 
Dies.  A  doubtful  species  of  which  only  four  specimens  have  been  observed  in  the 
lens  capsule  of  a  nine-months'  child.  B.  lieterophycs  Bilh.  v  Sieb.  1 — 1"5  mm. 
long,  in  the  alimentary  canal  of  man  in  Egypt.  B.  r/oliath  van  Ben.,  80  mm. 
long,  in  Pterohala-na,  Numerous  species  live  in  the  alimentary  canal,  lungs, 
and  bladder  of  the  fi-og.  Bistoviun  filicolle  Eud.  {B.  Okeni  Kbll)  in  pairs  in 
the  mucous  sacs  in  the  branchial  cavity  of  Brama  Raji.  The  one  individual  is 
cylindrical  and  narrow,  and  produces  spermatozoa  ;  the  other  is  swollen  in  the 
middle  and  posterior  region  of  the  body,  and  is  filled  with  eggs.  The  dissimilar 
development  of  the  two  individuals  is  probably  due  to  the  fact  that  copulation 
only  leads  to  the  fertilization  of  one  of  them,  which  alone  is  able  to  perform 
the  female  sexual  functions.  B.  li(smatoUum.  Bilh.  v.  'tiieh.  {Gijnceco2)ho')m 
Dies)  (fig.  257).  Body  elongated  ;  sexes  separate.  The  female  is  slender  and 
cylindrical.  The  male  has  powerful  suckers,  and  the  lateral  margins  of  the 
body  are  bent  round  so  as  to  form  a  groove,  the  canalis  gynscophorus,  for  the 
reception  of  the  female.  They  live  in  pairs  in  the  portal  vein,  and  in  the  veins 
of  the  intestine  and  of  the  bladder  of  man  in  Abyssinia.  According  to  Cobbold, 
the  embryos  are  ciliated,  and  possess  a  tolerably  well  developed  excretory 
system.  By  the  deposition  of  masses  of  theii-  eggs  in  the  vessels  of  the  mucous 
membrane  of  the  ureter,  bladder,  and  great  intestine,  inflammation  is  set  up, 
which  may  cause  h33maturia. 

(2)  Sub-order:  Polystomea. — Trematodes  with  two  small  lateral 
suckers  at  the  anterior  end,  and  one  or  more  posterior  suckers,  to 
which  two  large  chitinous  hooks  are  often  added.    In  exceptional 
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cases  {Tristomum  coccineum)  transverse  rows  of  bristles  are  found. 
Paii-ed  eyes  are  frequently  pi-esent.  In  some  species  the  elongated 
body  presents  a  kind  of  external  segmentation.  They  are  for  the 
most  part  ectoparasitic,  to  a  certain  extent  like  the  Ilirudinea,  and 
they  develop  directly  without  alternation  of  generations  from  eggs 
which  are  usually  hatched  in  the  locality  inhabited  by  the  mother. 
Sometimes  the  development  is  a  metamorphosis  {Polystomum),  and 
the  young  lai  vte  live  in  another  place. 

The  development  of  Polystomum  integerri- 
mitm  from  the  bladder  of  the  frog  is  the  best 
known,  owing  to  the  researches  of  E.  Zeller 


Go 
W 


(figs.  258,  259).  The  production  of  eggs  begins 
in  the  spring,  when  the  frog  awakes  from 
hibernation  and   proceeds  to  pair.    It  lasts 

from  three 
to  four 
weeks.  It  ^ 
is  easy  then 
to  observe 
the  Polysto- 
mea  in  the 
process  of 
recipro  ca 1 
copulation. 
When  the 
eggs  are 
being  laid, 
the  parasite 
forces  the 

anterior  end  of  the  body  with  the  genital        ^^s— Polystomum  inte- 

xi_  1     _Li  ,1        p  gerrimum  (after  E.  Zeller). 

opening  through  the  mouth  of  the  bladder  o,  mouth  ;  ao,  genital 
nearly  as  far  as  the  anus.    The  development    opening;   D,  intestine; 

p  ,  ,  .  W,    copnlatory  opening 

ot  the  embryo  takes  place  m  water  and  occu-  (lateral  pads) ;  Dg,  yoik 
pies  a  period  of  many  weeks,  so  that  the    ^^'^'^'^  '^"'"^  =  ^'  ^ncker; 

Oo,  ovary  ;  H,  hooks. 

young  larvse  are  only  hatched  when  the  tad- 
poles have  already  acquired  internal  gills.  The  larvje  resemble 
Gyrodactylus,  and  possess  four  eyes,  a  pharynx  and  alimentary  canal, 
as  well  as  a  posterior  disc  (for  attachment),  which  is  surrounded  by 
sixteen  hooks.  They  possess  five  transverse  rows  of  cilia ;  three  are 
ventral  and  anterior,  two  dorsal  and  posterior.  There  is  also  a 
ciliated  cell  upon  the  anterior  extremity.    The  larva?  now  migrate 


Fig.  259.— Egg  with  embryo  (a,  and  hatched 
larva  (J)  of  Polystomum  integerrimum  ;  Dl; 
operculum  (after  E.  Zeller). 
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into  the  branchial  cavity  of  the  tadpole,  lose  their  cilia,  and  are 
transformed  into  young  Pnlystomea  by  the  formation  of  the  two 
median  hooks  and  of  the  three  pairs  of  suckers  upon  the  posterior 
disc.  The  young  Polystomum,  eight  weeks  after  the  migration  into 
the  branchial  cavity,  at  the  time  when  the  latter  begins  to  abort, 
passes  through  the  stomach  and  intestine  into  the  bladder,  and  there 


Fig.  260. — Young  Diplozoon  (after  B.  Zeller).  a.  Two  young  Diporpa  beginning  to  attach 
themselves  together,  h,  After  hoth  individualB  have  attached  themselves.  O,  mouth; 
H,  fixing  apparatus ;  Z,  papillse  ;  G,  sucker. 

only  becomes  sexually  mature  after  three  and  more  years.  In  some 
exceptional  cases,  and  always  when  the  larva  has  passed  on  to  the 
gills  of  a  very  young  tadpole,  it  becomes  sexually  mature  in  the 
branchial  cavity  of  the  latter.    The  forms  then  remain  very  small, 

are  without  the  copulatory 
canals  and  uterus,  and  die 
after  the  production  of  a 
single  egg,  without  ever 
getting  to  the  bladder. 

Fam.  Polystomidae.  With  seve- 
ral posterior  suckers,  which  are 
usually  paired  and  arranged  in 
two  lateral  rows,  and  are  rein- 
forced by  an  armature  of  hooks. 
The  genital  openings  are  fre- 

Fio.  26l.-Egg  («)  and  larva  (i)  of  mplozoon  (after  q^^ently   surrounded  by  hooks 
E.  Zeller).  Many  species  have  a  length  of 

only  a  few  lines. 

Polystomum  Zed.,  with  four  eyes  ;  with  no  lateral  suckers  at  the  anterior 
end,  but  with  oral  sucker;  with  six  suckers,  two  large  median  hooks  and 
sixteen  small  hooks  at  the  posterior  end.  P.  integerrimnm  Rud.,  in  the 
bladder  of  Rana  temporaria.  P.  ocellatwn  in  the  pharyngeal  cavity  of 
Emys.  In  the  formation  of  the  testis  and  the  absence  of  the  uterus  it 
resembles  the  adult  form  of  P.  integerrimnm  from  the  branchial  cavity  of 
the  tadpole.  Octolothrlum  lanceolatvm.  Duj.  Onchocotyle  ap2)endicitMaK\x\m, 
on  the  giUs  of  Elasmobranchs, 

Diplozoon  V.  Nordm.   The  animal  is  double,  two  individuals  being  fused  to 
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form  an  X-shaped  double  animal,  the  posterior  ends  of  which  are  provided  with 
two  large  suckers  divided  into  four  pits.  In  the  young  state  they  live  solitarily 
as  Dlporpa  ;  they  then  possess  a  ventral  sucker  and  a  dorsal  papilla  (260  a,  G 
and  Z\  In  the  double  animals  the  formation  of  ova  is  confined  to  a  definite 
period  of  the  year,  usually  the  spring.  The  eggs  are  laid  singly  after  the  forma- 
tion of  the  thread  by  which  they  are  attached,  and  two  weeks  later  the  embryo 
(fig.  261,  &),  which  only  differs  from 
Diporpa  in  the  possession  of  two  eye- 
spots  and  a  ciliated  apparatus  upon  the 
sides  and  on  the  posterior  extremity  of 
the  body,  is  hatched.  When  an  oppor- 
tunity of  fixing  itself  on  the  gills  of  a 
fresb-water  fish  occurs,  the  young  animal 
loses  its  cilia  and  becomes  a  DijJorjM, 
which  possesses,  besides  the  characteristic 
apparatus  for  attachment,  the  alimentary 
canal,  and  the  two  excretory  canals  with 
their  openings  at  the  anterior  part  of  the 
body  (at  the  level  of  the  pharynx),  and 
sucks  the  branchial  blood.  The  junction 
of  the  two  Diporpa  soon  follows  ;  and 
this  does  not  take  place,  as  was  formerly 
believed,  by  the  fusion  of  the  two  ventral 
suckers,  but  in  such  a  manner  that  the 
ventral  sucker  of  each  animal  affixes  itself 
to  the  dorsal  papilla  of  the  other,  and 
fuses  with  it  (fig.  260,  V).  D.  iiaradoxnm 
V.  Nordm.,  on  the  gills  of  many  fi-esh- 
water  fish. 

Fam.  Gyrodactylidae.  Very  small  Tre- 
matodes  with  large  terminal  caudal  disc 
and  powerful  hooks.  They  are  viviparous, 
producing  a  single  young  one  (first  gene- 
ration) at  a  time,  within  which,  while 
still  in  the  body  of  the  parent,  another 
young  one  (second  generation)  may  be 
pi'esent,  and  in  this  yet  another  (third 
generation).  V.  Siebold  believed  that  he 
had  observed  a  young  animal  developing 
from  a  germ  cell  of  Oyrodactijhts,  and 
that  this  became  pregnant  during  its 
development.  He  regarded  the  Gyro- 
dactijlvs  as  an  asexual  form,  since  he 
failed  to  find  organs  for  the  production 
of  sperm,  G.  Wagener,  however,  showed 
that  the  reproduction  is  sexual,  and 
conceived  the  idea  that  the  germs  from  which  the  second  and  third  generations 
are  fomied  are  derived  from  the  remains  of  the  fertilized  ovum  from  which 
the_  first  generation  is  formed.  Metschnikoff,  too,  is  of  the  opinion  that  the 
individuals  of  the  first  and  second  generations  are  formed  at  the  same  time 
from  a  common  mass  of  similar  embryonic  cells.  Gyrodactylus  v.  Nordm 
G.  elegans  v.  Nordm.,  from  the  gills  of  Cyprinoids  and  fresh-water  fish. 


Fig. 262. — Tcsnia  saginata  [medioeaneUafa), 
natural  size  (after  R.  Leuckart). 
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Order  3. — Cestoda,* 

Elongated  and  usually  segmented  Platyhelmintlies  without  iiwuth 
or  alimentary  canal,  with  organs  for  attachment  at  the  anterior 
extremity. 

The  tape-wormy,  which  may  easily  be  recognised  by  their  band- 
shaped  usually  segmented  bodies,  are  parasitic  in  the  alimentary 
canal  of  Vertebrata,  and  were  formerly  taken  for  single  animals. 
Steenstrupp  was  the  first  to  introduce  a  different  view,  according 
to  which  the  tape-worm  is  a  colonial  animal,  a  chain  of  single 
animals,  each  segment  or  2)roglottis  being  an  individual.  There  are, 
however,  Cestoda,  like  Ca7'yophyllaius,  which  are  destitute  both 
of  external  segmentation  and  of  segmentation  of  the  gene- 
rative organs ;  while  in  other  cases  the  segments  of  the  body 
are  clearly  differentiated,  and  each  is  provided  with  a  set  of  genera- 
tive organs,  but  they  do  not  attain  individual  independence.  The 
proglottides,  however,  usually  become  separated  off,  and  in  some 
cases  (^Echineibothrium)  after  their  separation  from  the  body  of  the 
tape-worm  continue  to  live  for  a  long  time  independently,  and  even 
increase  considerably  in  size ;  so  that  although  the  individuality 
of  the  tape- worm  may  be  justly  insisted  on,  yet  the  subordLaate 
and  morphologically  more  restricted  degree  of  individuality  of  the 
proglottis  must  also  be  admitted.  This  is  the  only  satisfactory 
mode  of  regarding  the  Cestoda ;  especially  as  the  entire  tape-worm, 
and  not  the  proglottis  alone,  corresponds  to  the  Trematode,  and  is 
to  be  derived  from  the  latter  by  a  simplification  of  organization  and 
loss  of  the  alimentary  canal. 

The  anterior  part  of  the  tape-worm  is  narrow,  and  presents  a 
terminal  swelling  by  which  it  attaches  itself.  This  anterior  swollen 
part  is  distinguished  as  the  head  of  the  tape-worm,  but  it  is  only 
its  external  form  which  entitles  it  to  this  name.    In  GaryophylloMS 

*  Besides  the  older  works  and  papers  of  Pallas,  Zeder,  Bremser,  Eudolphi, 
Diesing,  and  others,  compare  van  Beneden,  "  Les  vers  cestoi'des  ou  acotyles," 
Brussels  1850.  Kiichenmeister,  "  Ueber  Cestoden  im  Allgemeinen  und  die 
des  Me'nschen  insbesondere,"  Dresden,  1853.  V.  Siebold.  "Ueber  die 
Baud-  und  Blasen-wiirmer,"  Leipzig,  1854.  G.  Wagener,  "  Die  Eutwicke- 
lung  der  Cestoden,"  Nov.  Act.  Leop.-Car.,  Tom  XXIV.,  Suppl.,  1854. 
G  Wagener,  "  Beitrag  zur  Entwickelungsgeschichte  der  Eingeweidewurmcr, 
Haarlem,  1857.  R.  Leuckart,  "Die  Blasenbandwiirmer  und  ihre  Kntwicke- 
lung"  Giessen  1856.  R.  Leuckart,  "  Die  menschlicben  Parasiteu,"  Bd.  L. 
Leipzig  1862.  F.  Soramer  and  L.  Landois,  "  Ueber  den  Bau  der  geschlecht?- 
reifen  Glieder  von  Botliriocephalus  latus,"  Zeitschr.  f.  ivu><.  Ziwl.,  1872. 
F  Sommer  •'  Ueber  den  Bau  und  die  Entwickelungsgeschichte  dor  Geschlechts- 
organe  von' Taenia  mediocanellata und  Taenia  solium,"  md.,Tova.  XXIV.,  lf?.l. 
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the  head  armature  is  very  weak,  and  consists  of  a  lobed  fringed 
expansion.  The  apex  of  the  head  often  ends  in  a  conical  projection, 
the  rostellum,  which  is  armed  with  a  double  circle  of  hooks,  while 
the  lateral  surfaces  of  the  head  are  furnished  with  four  suckers 
{Tienia,  fig.  263).  In  other  cases  only  two  suckers  are  present 
{Bothriocephahis) ;  or  we  find  suckers  of  more  compHcated  structure 
and  beset  with  hooks  {Acanthohothrium),  or  four  protrusible  probosces 
beset  with  recurved  hooks  {Tetrarhyncus) ;  while  in  other  genera 
the  head  armature  presents  various  special  forms. 

That  portion  of  the  animal  which  follows  the  head  and  is  dis- 
tinguished as  the  neck  shows,  as  a  rule,  the  first  traces  of  com- 
mencing segmentation.  The  rings,  which  are  at  first  faintly  marked 
and  very  narrow,  become  more  and  more  distinct  and  gradually 
larger  the  further  they  are  removed  from  the  head.  At  the  pos- 
terior extremity  the  segments  or  pro- 
glottides are  largest,  and  have  the 
power  of  becoming  detached.  After 
separation  they  live  independently 
for  a  long  time,  and  sometimes  even 
in  the  same  medium. 

The  simplicity  of  the  internal  or- 
ganization corresponds  with  the  simple 
appearance  of  the  external  structure. 
Beneath  the  delicate  external  cuticle 
is  a  matrix  consisting  of  small  cells, 

1    1      J   1         n      Fig.  263.— Head  of  Tamia  soliwrn,  viewed 

m  which  are  scattered  glandular  cells.  ^^^^  ^-^^  ^.^^^  ^^^^^^^  surface),  with 
Beneath  the  matrix  there  is  a  delicate    rosteiimn  and  double  circle  of  hooks. 

The  four  suckers  are  visible.  , 

superficial  layer  of  longitudinal  mus- 
cular fibres,  and  next  a  parenchyma  of  connective  tissue,  in  which 
.strongly-developed  bundles  of  longitudinal  muscular  fibres,  as  well  as 
an  inner  layer  of  circular  muscles,  are  embedded ;  both  these  muscular 
layers  are  traversed,  principally  at  the  sides  of  the  body,  by  groups 
of  dorso-ventral  muscular  fibres.  The  power  which  the  proglottis 
possesses  of  altering  its  form  is  due  to  the  interaction  of  all  these 
muscles.  By  means  of  them  it  is  able  to  shorten  itself  considerably, 
at  the  same  time  becoming  much  broader  and  thicker,  or  to  elongate  to 
double  its  normal  length,  becoming  much  thinner.  In  the  connective 
tissue  parenchyma  of  the  body,  not  only  the  muscles,  but  all  the  other 
organs  are  embedded.  In  its  peripheral  portion,  especially  in  the  neigh- 
bourhood of  the  head,  we  find  small  densely  packed  calcareous  concre- 
ments,  which  are  generally  regarded  as  calcified  connective  tissue  cells. 
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Thenervous system  consists  of  two  lateral  longitudinal  cords  passing 
externally  to  the  main  trunks  of  the  excretory  system.  They 


are 


somewhat  swollen  in  the  head,  where  they  are  connected  by  a  trans 
verse  commissure;  these  anterior  swellings  and  the  commissure 
may  represent  a  cephalic  ganglion.  Distinct  sense  organs  are 
wanting,  but  the  tactile  sense  may  be  ascribed  to  the  skin,  especially 
to  that  of  the  head  and  the  suckers.  An  alimentary  canal  is  also 
wanting.  The  nutritive  fluid,  already  prepared  for  alisorption, 
passes  endosmotically  through  the  body  wall  into  the  parenchyma! 

The  excretory/  apparatus,  on  the  contrary,  attains  a  considei-able 
development  as  a  system  of  much  ramified  canals  which  are  dis- 
tributed   throughout    the  whole 
body.*     It   consists   primarily  of 
two  longitudinal  canals  (a  dorsal 
and  a  ventral),  running  along  each 
side  of  the  body  and  connected  in 
the  head  and  in  each  segment  by 
transverse   trunks.    According  to 
the   state   of   contraction   of  the 
muscular  system,  these  longitudinal 
trunks  and  cross  branches  appear 
sometimes  straight  and  sometimes 
bent  in  a  wavy  or  zigzag  manner : 
theii'  breadth  also  presents  consider- 
able variation,  so  that  the  power  of 
contraction   has  been   ascribed  to 
their  walls.  The  longitudinal  trunks 
only  serve  as  the  efferent  ducts  of  a 
system  of  very  fine  vessels  which 
ramify  throughout  the  whole  paren- 
chyma and  receive  nvimerous  long 
tubes  :    the   latter   begin   in  the 
parenchyma  with  closed  funnels,  which  contain  a  vibratile  ciliated 
lappet  (fig.  264).    In  many  cases,  as  in  the  Ligulidce  and  Caryo- 
phyllaius,  these  longitudinal  trunks  are  broken  up  into  numerous 
longitudinal  vessels,  which  are  connected  by  transverse  anastomoses. 
In  other  cases,  on  the  other  hand,  the  two  ventral  vessels  are  enlarged 
at  the  cost  of  the  two  dorsal,  which  may  entirely  atrophy.  The 
external  opening  of  the  excretory  system  is,  as  a  rule,  placed  at  the 


264.— A  portion  of  the  excretory 
system  of  Caryophyllmus  mntabilis 
(after  Pintner).  Wb,  Ciliated  funnels 
with  the  nucleus  of  the  cell  belonging 
to  them. 


*  Cempare  Th.  Pintner,  "  Untersuchungen  iiber  deu  Bau  des  Bandwurm- 
korpers,"  Wien,  1880. 


CESTODA. 


329 


posterior  end  of  the  body,  i.e.,  at  the  hind  end  of  the  last  segment, 
in  which  a  small  vesicle  with  an  external  opening  receives  the  longi- 
tudinal trunks.  According  to  the  observations  of  Leuckart  on 
Tcenicc  cucum&rina,  the  posterior  transverse  canals  in  the  segments 
immediately  preceding  the  last  become,  by  their  gradual  shortening 
and  the  approach  of  the  longitudinal  trunks,  transformed  into  the 
vesicle,  which  acquires  an  external  opening  when  the  segment  behind 
it  is  detached.  In  rare  cases  the  excretory  system  possesses  additional 
openings  in  the  anterior  part  of  the  body  behind  the  suckers. 

The  generative  apparatus  is  also  divided  into  segments  which 
correspond  to  the  proglottides.    Each  proglottis  possesses  its  own 


Fig.  265. — Proglottis  of  Taenia  mediocanellata,  with  male  and.  female  organs  (after  Sommer). 
Ov,  ovary ;  BS,  yolk  gland  (vitellarium) ;  ScL,  shell  glaud  ;  Tit,  uterus  ;  T,  testes  ;  Vd,  vas 
deferens  ;  Ch,  pcucli  of  the  cirms  ;  K,  generative  cloaca;  F«.,  vagina. 

male  and  female  generative  organs,  and  can  therefore,  when  separated, 
be  considered  as  a  sexual  individual  of  a  lower  order.  The  male 
apparatus  consists  of  numerous  pear-shaped  vesicles,  the  testes  (fig. 
265,  T),  which  are  situated  upon  the  dorsal  side,  and  their  vasa 
efFerentia  open  into  a  common  efferent  duct  {vas  deferens).  The  coiled 
end  of  this  duct  lies  in  a  muscular  pouch  {cirrus  sheath),  whence  it 
can  be  protruded  thi-ough  the  genital  opening  as  the  so-caUed  cirrus. 
This  cirrus  is  frequently  beset  with  spines  which  are  directed  back- 
wards, and  serves  as  a  copulatoiy  organ.  The  female  generative 
organs  consist  of  ovary,  yolk  gland,  shell  gland,  uterus,  recep)taGuluvi, 
and  vagina.   The  vagina  and  vas  deferens  usually  open  into  a  common 
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Fig.  266.— Eipe  proglottides  ready  to  separate. 
a,  of  Twnia  solium  ;  b,  of  TcBnia  medioeanellata ; 
Wc,  watervascular  (excretory)  canal. 


genital  cloaca,  which  lies  eithex-  on  the  ventral  surface  of  the  segment 
{Bothriocepalus),  or  on  the  lateral  margin  (Tcenia)  (fig,  265).  lu 

J  the  last  case  it  Ls  placed  alter- 

nately on  the  right  and  on  the 
left  side.  Nevertheless  it  may 
happen  that  the  two  genital 
openings  are  widely  separate, 
the  male  opening  being  placed 
at  the  side,  the  female  on  the 
surface  of  the  segment.  As 
the  segments  increase  in  size 
and  become  further  removed 
from  the  head,  the  contained 
generative  organs  gr-adually 
reach  maturity  in  such  a  way 
that  the  male  generative 
organs  arrive  at  maturity 
rather  earlier  than  the  female. 
As  soon  as  the  male  elements  are  mature,  copulation  takes  place,  and 
the  receptaculum  seminis  is  filled  with  sperm,  and  then  only  do  the 
female  generative  organs  reach 
maturity.  The  ova  are  fertilized 
and  pass  into  the  uterus,  which 
then  assumes  its  characteristic 
form  and  size.  As  the  uterus 
becomes  distended,  the  testes  and 
then  the  ovaries  and  vitellaria  are 
more  or  less  completely  absorbed 
(fig,  266).  The  posterior  proglot- 
tides, viz.,  those  which  are  ready 
for  separation,  have  alone  under- 
gone full  development,  and  the 
eggs  in  their  uterus  often  contain 
completely  developed  embryos. 
Accordingly  we  can  recognize  in 
a  continuous  series  of  the  seg- 
ments the  course  of  development 
passed  through  by  the  sexual 
organs  and  products  in  their 
origin  and  gradual  progress  towards  maturity 
segments  between  that  with  the  first  trace  of  the  generative  organs 


FiG.fl267.— Egg  with  embryo  (a)  of  Tcetiia 
solium;  (b)  of  Microtmnia ;  (e),  of  Bothrio- 
cephalm  latus  (after  R.  Leuckart). 

The  number  of 


OESTODA. 


331 


and  the  first  proglottis  with  fully  developed  organs  gives  us  an 
expression  for  the  number  of  stages  through  which  each  segment 
has  to  pass.  The  tape-worms  are  oviparous;  either  the  embryo 
develops  within  the  egg-shell  in  the  body  of  the  mother,  or  the 
development  takes  place  outside  the  proglottis,  for  example  in 
-water  {Bothriocephcdus). 

The  eggs  of  the  Cestoda  are  round  or  oval  in  shape  and  of  small 
size.  Their  envelope  is  either  simple  or  composed  of  numerous  thin 
membranes,  or  else  forms  a  thick  and  strong  capsule,  which  in  Tcenia 
is  formed  of  densely  packed  rods  united  by  a  connecting  substance, 
and  presents  in  consequence  a  granular  appearance.  In  many  cases 
the  development  of  the  embryo  coincides  with  that  of  the  egg- 
shell, so  that  the  egg  at  the  moment  that  it  is  laid  contains  a 


It 


(I 


Fig.  268. — Stages  in  the  development  of  Tcenia  solium  to  the  Ci/sticercus  stage  (partly  after  R. 
Leuckart).  a,  Egg  with  embryo,  b.  Tree  embryo,  c,  Rudiment  of  the  head  as  a  hollow 
papilla  on  the  wall  of  the  vesicle,  d,  Bladder-worm  with  retracted  head,  e.  The  same 
with  protruded  head,  magnified  about  fom-  times. 

complete  embryo  with  six,  or  more  rarely,  four  hooks.  In  Bothrio- 
cephalus  the  development  takes  place  outside  the  proglottis  during 
the  long  period  that  the  egg  passes  in  water,  and  the  embryo 
leaves  the  egg  as  a  ciliated  larva  (fig.  267,  c).  The  development 
of  the  embryo  into  the  tape-worm  probably  never  takes  place 
directly  in  the  same  medium  in  the  intestine  of  the  original  host. 
As  a  rule  there  is  a  complicated  metamorphosis,  which  is  sometimes 
(^Echinococcus,  Coenurus)  connected  with  alternation  of  generations ; 
the  successive  stages  live  in  different  localities,  and  usually  find  the 
conditions  necessary  to  their  development  in  different  species  of 
animals,  between  which  they  migrate,  partly  actively  and  partly 
passively.  The  eggs  usually  leave  the  intestine  of  the  host  with 
the  proglottis,  and  are  deposited  on  dunghills,  on  plants,  or  in  the 
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water,  and  thence  pass  in  the  food  into  the  stomach  usually  of 
herbivorous  or  omnivorous  animals.  As  soon  as  the  egg  membranes 
are  digested  or  bui>st  by  the  action  of  the  juices  of  the  stomach  of 
the  new  host,  the  embryos  which  have  been  thus  set  free  bore  thei,. 
way  into  the  gastric  or  intestinal  vessels  by  means  of  their  six 
(rarely  four)  hooks,  the  points  of  which  can  be  approached  and 
removed  from  one  another  over  the  periphery  of  the  small  globular 
embryonic  body.    When  they  are  once  within  the  vascular  systeiii, 


Fig.  269. — a,  Brood-capsule  of  Echinococcns  with  developing  heads  (after  R.  Leiickart).  I, 
Brood-capsule  of  ISchinococeua  (after  G.  Wageuer).  c,  Heads  of  Echinococcits  still  connected 
with  the  wall  of  the  brood-capsule — one  is  evaginated  ;  Vc,  excretory  canals. 

they  are  no  doubt  carried  along  passively  by  the  current  of  blood, 
and  transported  by  a  longer  or  shorter  route  into  the  capillaries  of 
the  different  organs,  as  the  liver,  lungs,  muscles,  brain,  etc.  After 
losing  their  hooks,  they  usually  become  enveloped  by  a  cyst  of 
connective  tissue,  and  grow  into  large  vesicles  with  liquid  contents 
and  a  contractile  wall  (fig.  268).  The  vesicle  gradually  becomes  a 
cystic  or  bladder  worm  by  the  formation  of  one  (Cysticercios*)  or 
*  Exceptionally  two  or  more  heads  are  found  in  some  Cysticercus  forms. 
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several  (Ccenunts)  hollow  buds,  which  are  developed  from  the  walls 
and  project  into  the  interior  of  the  vesicle  (fig.  268,  c).  The 
armature  of  the  tape-worm  head  (suckers  and  double  circle  of  hooks) 
is  formed  on  the  inside  and  at  the  bottom  of  this  invagination  of 
the  wall  of  the  vesicle  (fig.  268,  d).  When  these  hollow  buds  are 
evaginated  so  as  to  form  external  appendages  of  the  vesicle,  they 
present  the  form  and  armature  of  the  Cestode  head,  as  well  -as  a 
more  or  less  developed  neck,  which  presents  even  at  this  stage  traces 
of  segments  (fig.  268,  e).  In  some  cases  [Echinococcus)  the  iiTegularly 
shaped  maternal  vesicle  produces  from  its  internal  walls  one  or  two 
generations*  of.  secondary  vesicles  which  project  into  it;  and  the 
Cestode  heads  originate  in  special  small  brood-capsules 
on  these  secondary  vesicles  (fig.  269,  a).  In  such 
cases  the  number  of  tape-worms  which  arise  from 
one  embryo  is  naturally  enormous,  and  the  parent 
vesicle  may  reach  a  very  considerable  size,  being  some- 
times as  large  as  a  man's  head.  In  consequence  of 
this  enormovis  growth  the  vesicles  frequently  obtain 
an  irregular  shape ;  while  on  the  other  hand,  the  tape- 
worms which  'are  developed  from  them  remain  very 
small,  and  carry,  as  a  rule,  only  one  ripe  proglottis 
(fig.  270). 

So  long  as  the  tape-worm  head  (scolex)  remains 
attached  to  the  body  of  the  bladder-worm  and  in  the 
host  of  the  latter,  it  never  develops  into  a  sexually 
mature  tape-worm ;  although  in  many  cases  it  grows 
to  a  considerable  length  {Cysticercus  fasciolaris  of  the 
house-mouse).  The  bladder- worm  must  enter  the 
a,limentary  canal  of  another  animal  before  the  head 
{scolex)  can,  after  separation  from  the  body  of  the 
bladder-worm,  develop  into  the  sexually  mature  tape- 
worm. This  transportation  is  eflfected  passively,  the  new  host  eating 
the  flesh  or  organs  of  the  animal  infected  with  Cysticerci.  The  tape- 
worms, therefore,  are  principally  found  in  the  Carnivora,  the  Insecti- 
vora,  and  the  Omnivora,  which  receive  the  bladder- worms  in  the  flesh 
of  the  animals  on  which  they  feed.  The  vesicles  are  digested  in  the 
stomach,  and  the  cestode  head  becomes  free  as  a  scolex.  The  latter  is 
protected  from  the  too  intense  action  of  the  gastric  juice  by  its 
calcareous  concretions,  and  at  once  enters  the  small  intestine,  fastens 

*  In  Cysticerci  {0.  longieoUis,  temiicollif)  also  steille . daughter  vesicles  are 
sometimes  budded  off. 


Fig.  270.— Tffinia 
Echin  oc  occus 
(after  R.  Leuc- 
kart),  magni- 
fied 12  to  15 
times. 
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Fig.  271.—Cyaticercoid  .  of 
Tmiiia  cumtmerina,  magni- 
fiecl  60  times  (after  R, 
Iieuckart). 


itself  to  the  intestinal  wall,  and  grows  by  gi-adual  segmentation  intr, 
a  tape-worm.  From  the  Scolex  the  chain  of  proglottides  proceeds  as  tlK- 
result  of  a  growth  in  length  accompanied  by  segmentation,  a  process 
which  is  to  be  looked  upon  as  a  form  of  asexual  reproduction  (bud- 
ding in  the  direction  of  the  long  axis).  Since,  however,  it  is  the  Iwdy 
of  the  Scolex  which  undergoes  gi-owth  and  segmentation,  it  seems 

most  natural  to  assume  the  individuality  of 
the  entire  chain,  and  to  subordinate  to  this 
the  individuality  of  the  proglottides.  Th(^ 
development  of  the  tape-worm  is  then  to  l>e 
explained  as  a  metamorphosis,  characterised 
by  the  individualization  of  certain  stages  of 
the  development.  It  is  only  in  those  cases 
in  which  the  young  form  produces  a  number 
of  Jieads  that  the  development  can  be  ex- 
plained as  a  case  of  alternation  of  geneni- 
'tions. 

The  development  of  some  tape- worms  pre- 
sents considerable  simplifications.  In  tlie 
cysticercus  stage  the  vesicle  frequently  dimin- 
ishes to  an  excessively  small  appendage,  and  the  Cysticercus  becomes 
a  cysticercoid  form,  in  which  one  poi-tion  bearing  the  embryonic  hooks 
is  distinct  from  a  larger  part  which  represents  the  scolex  (figs.  271, 
272).  In  other  cases  the  embryo  becomes  a  Scolex  directly  without 
passing  through  •  a  cystic  stage,  so 
that  the  Scolex  stage  is  merely  a 
late  stage  of  the  embryo  [Bothrio- 
ce2)halus).  The  segments  produced 
from  the  Scolex  also  show  very 
different  degi-ees  of  individuality, 
and  finally  are  sometimes  not  deve- 
loped at  all.  In  the  latter  case 
(Cari/oj}hyllceus)  the  head  and  body 
cannot  be  sharply  distinguished  from 
one  another,  and  represent  only  one 
single  individual  comparable  to  a 
Trematode  and  characterised  by  its 
single  generative  apparatus.  Its  development  is  to  be  looked  upon 
as  a  metamorphosis  completing  itself  in  one  individual. 

Fam.  Tseniadse.  The  armature  of  the  head  consists  of  four  muscular  sucker?, 
to  which  is  frequently  added  a  single  or  double  circle  of  hooks  on  the  rosteUnm. 


Fig.  272. — EchinococetisAi^b  Cyistieercoii 
from  the  body  cavity  of  the  Earth- 
worm (after  E.  Metschnikofl).  a. 
Brood-capsules  vrith  three  Cysticer- 
coids.  h,  Cysticercoid  with  evaginated 
head. 
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The  proglottides  have  a  marginal  sexual  opening.  The  vagina  is  usually  long, 
separated  fi'om  the  uterus,  and  enlarged  at  the  end  to  form  a  receptaculum 
seniinis  (fig.  265).  The  young  stages  are  Cysticcrci  or  Cysticercoids,  rarely  quite 
without  caudal  vesicle  ;  parasitic  in  warm  and  cold-blooded  animals. 

Tcenifi  L.  ( Cystottenia  R.  Lkt).  Development  takes  place  with  large  vesicles. 
The  heads  arise  from  the  embryonic  vesicle  itself.         ^  ' 

T.  solium.  L.  2—3  metres  long.  The  double  circle  of  hooks  is  composed  of  26 
hooks.  The  ripe  proglottides  arc  8—10  mm.  long  and  6—7  mm.  broad  ;  the 
uterus  has  7—10  dendritic  branches.  It  lives  in  the  human  intestine.  The 
Bladder- worms  belonging  to  it  ( Ci/stwerctis  celluloscB)  live  principally  in  the 
dermal  cellular  tissue  and  in  the  muscles  of  pigs,  but  also  in  the  human  body 
(muscles,  eyes,  brain),  in  which  self-infection  with  them  is  possible  if  a 
T(enia  is  present  in  the  digestive  canal  ;  more  rarely  in  the  muscles  of  the 
Eue-deer,  the  Dog,  and  the  Cat.  In  the  human  brain  the  Cysticercus  acquires 
an  elongated  form,  and  sometimes  does  not  produce  a  head. 

T.  saginnta  Goeze^mediooaneUata  Kiichenm.,  in  the  intestine  of  Man,  distin- 
guished by  the  older  helminthologists  as  a  variety  of 
T.  solium.  Head  without  circle  of  hooks  orTostellum', 
but  yvith.  four  more  powerful  suckers.  The  Tape- 
worm reaches  a  length  of  four  metres,  and  becomes 
much  stronger  and  thicker.  The  mature  proglottides 
are  about  18  mm.  long  and  7 — 9  mm.  broad.  The 
uterus  forms  20 — 35  dichotomous  side  branches. 
The  Cysticercns  lives  in  the  muscles  of  the  ox  (fig. 
273).  It  appears  to  be  principally  distributed  in 
the  warmer  parts  of  the  Old  World,  but  is  often 
found  in  great  numbers  in  many  places  in  the  north. 

T.  serrata  Goeze,  in  the  intestinal  canal  of  the  dog. 
The  Cysticercus  is  known  as  Ci/stice7'C7is  j^'isciformis 
iu  the  liver  of  the  Hare  and  Eabbit.  T.  cvassicolUs 
Rud.  in  the  Cat,  with  Custicercns  fascwlaris  of  the 
common  mouse.  T.  marginata  Batsch.  of  the  Dog 
(butcher's  dog)  and  Wolf  with  Cysticercus  teimicol- 
lis  fi'om  Ruminants  and  Pigs,  and  occasionally  in 
Man  {Cyst,  visceral  is).  T.  crassiceps  Rud.  in  the 
Fox  with  Cysticercvs  longicollis  fi'om  the  thoracic 
cavity  of  the  Fieldmouse.  T.  coenurxis  v.  Sieb.  in  the  intestine  of  the  sheep-dog, 
-nith  Ccsnurns  cereiralis  in  the  brain  of  one  year  old  sheep.  The  presence  of 
Coemirus  in  other  places  has  been  stated,  as  for  instance  in  the  body  cavity  of 
the  Rabbit.  T.  tenuicollis  Rud.  in  the  intestine  of  the  "Weasel  and  the  Pole-cat, 
with  a  Cysticercus  which,  according  to  Klichenmeister,  lives  in  the  hepatic 
ducts  of  the  Field-mouse. 

Echlnococcifer  Weinl.  The  heads  bud  on  special  brood-capsules,  in  such  a 
way  that  their  invagination  is  turned  towards  the  lumen  of  "the  vesicle  (fig. 
2fi9).  T.  ecliinococciis  v.  Sieb.  (fig.  270)  in  the  intestine  of  the  dog,  3  —4  mm. 
long,  forming  but  few  proglottides.  The  hooks  on  the  head  are  numerous  but 
small.  Its  Bladder-worm  is  distinguished  by  the  great  thickness  of  the  stratified 
cuticula.  It  lives  as  £^6- Amrwocc?/*  principally  in  the  liver  and  the  lungs  of  Man 
(£".  liominis)  and  of  domestic  animals  {K  vettrinoruni).  The  first  form  is  also 
distinguished  as  E.  altricipariens  on  account  of  the  frequent  production  of 
primary  and  secondary  vesicles  ;  it  usually  reaches  a  veiy  considerable  size  and 


Fig.  27^.— Cysticercus  of  Tainia 
mediocanellata,  magnified 
about  eight  times.  The  head 
is  protruded. 
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has  a  very  irregular  shape ;  while  that  form  which  inhaVjits  domestic  animals, 
-E  scoUciparifm,  more  frequently  retains  the  form  of  the  simple  vesicle. 
Finally  these  echinocoecus  cysts  frequently  remain  sterile,  in  which  case  they 
are  called  Acejihalocysts.  Another  and  indeed  pathological  foi'm  is  the  so- 
called  multilocular  UoJiinoaaccits,  which  was  for  a  long  time  taken  foi-  a  colloid 

cancer.  It  is  also  found  iu  Mammalia  (in 
cattle),  and  here  presents  a  confusing  re- 
semblance  to  a  mass  of  tubercles.  The 
echinocoecus  disease  {hydatid  2^l^g'ue')  was 
widely  spread  in  Iceland.  This  disease 
likewise  seems  endemic  in  many  places  in 
Australia. 

T.  {Microtainia).  The  Oystieercoid  torn 
is  small,  and  has  but  little  fluid  in  the  small 
portion  which  corresponds  to  the  vesicle. 
The  head  is  small,  but  has  a  small  club- 
shaped  or  proboscis-like  rostellum,  and  is 
furnished  with  weak  hooks.  The  eggs  are 
provided  with  several  membranes.  The 
embryo  is  usually  furnished  with  large 
hooks.  The  Cysticercoid  stages  live  prin- 
cipally in  Invertebrates  (in  Slugs,  Insects, 
etc.),  and  more  rarely  in  cold-l)looded 
Vertebrates  (the  Tench).  T.  cucumerina 
Bloch,  in  the  intestine  of  dogs  (house 
dogs).  The  Cysticercoid  is  entirely  without 
the  caudal  vesicle,  and  lives  (according  to 
MelnikoS  and  R.  Leuckart)  in  the  body 
cavity  of  the  Dog-louse  (^2ricliodecte.t  canu). 
The  infection  with  the  Oysticercoids  takes 
place  when  the  dog  swallows  the  parasites 
which  are  annoying  liim,  while  the  para- 
sites swallow  the  eggs  contained  in  faeces 
adherent  to  the  hair  of  the  dog.  Nearly 
allied  is  T.  eWqjtica  Batsch.  in  the  intestine 
of  the  Cat,  occasionally  in  that  of  Man. 
T.  nana  Bilh.  v.  Sieb.  in  the  intestine  of 
the  Abyssinians,  hardly  an  inch  long.  T. 
flavojiunctataWei-al.  in  the  human  intestine 
(North  America).  The  Cysticercoids  of  the 
Meal-worm  are  probably  developed  into 
tape-worms  in  the  intestines  of  Jlice  and 
Eats. 

In  other  partially  unarmed  Tccnias  the 
Fig.  274  a.—Bothriocephalus  latua  (after  generative  organs  and  development  are  as 
R.  Leuckart).  accm-ately  known  ;  such  are—T. 

perfoliata  Goeze,  and  T.^Mcata  Eud.  in  the  horse  ;  T.  pectinata  Goeze,  in  the 
hare  ;  T.  dispar  Eud.  in  the  frog ;  T.  expansa  Im.  in  the  ox. 

Fam.  Bothriocephalidffi.  With  only  two  suckers,  which  are  weak  and  flat. 
The  generative  organs,  as  a  rule,  open  upon  the  surface  of  the  proglottis.  The 


proglottides  do  not  become  detached  singly, 
an  encysted  Scolex. 


Hydatid  stage  represented  by 
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BothriocephulHH  Brems.  Segmented  body.  Head  with  two  pits,  without 
hooks.  The  genital  openings  are  on  the  middle  of  the  ventral  surface.  The 
young  stage  usually  in  fishes.  B.  latn,<t  Brems.,  the  largest  of  the  tape-worms 
parasitic  in  man,  twenty-four  to  thirty  feet  in  length,  principally  found  in 
Russia,  Poland,  Switzerland,  and  South  France.  The  sexually  mature  segments 
are  broader  than  they  are  long  (about  10—12  mm.  broad  and  3—5  mm.  long). 
They  do  not  become  detached  singly,  but  in  groups  (fig.  274).  The  segments 
of  the  hindermost  portion  of  the  body  are,  how- 
ever, narrower  and  longer.  The  head  is  club- 
shaped,  and  is  provided  with  two  slit-like  pits. 
The  cortical  parts  of  the  lateral  regions  of  the 

body  contain  a  number  of  round  masses  of 

granules,  the  yoU-glands  (fig.  275,  Dst^,  the 

contents  of  which  are  poured  into  the  shell 

glands  (coiled  glands)  through  the  so-called 

yellow  ducts. 
•  The  genital  openings  lie  close  together,  one 

behind  the  other,  in  the  midst  of  the  segment 

(fig.  275,  a).    The  anterior  and  larger  belongs  to 

the  male  generative  apparatus,  and  leads  into  the  muscular  terminal  portion 
of  the  vas  deferens,  which  is  enclosed  in  the  cirrus  sheath  and  can  be  eva- 
ginated  as  the  ciiTus  (fig.  275,  Cb').  The  vas  deferens  just  before  its  entrance 
into  the  cirrus  pouch  is  dilated  (fig.  275  h)  to  form  a  large  muscular  swelling 
(the  vesicula  seminalis  .').   It  then  becomes  coiled,  and  passes  in  the  direction 


Pig.  274  i.— Larva  of  a  Bothrio- 
cephalus  from  the  Smelt  (after 
R.  Leuckart). 


Fig.  275.— Generative  organs  of  a  sexually  mature  proglottis  of  Bothrioeephalm'  latiis  (after 
Sommer  and  R.  Leuckarl) ;  a,  from  the  ventral  surface,  b,  from  the  dorsal  surface.  Ov 
and  V,  ovary ;  Ut,  litems  ;  Sd,  shell  gland ;  Bsf  ,  vitellarium  (yolk  gland) ;  Va,  vagina  with 
opening  ;  T,  testis  ;  Ch,  pouch  of  the  cirrus  ;  Vd,  vas  deferens. 


of  the  long  axis  of  the  segment  on  the  dorsal  surface  and  divides  int6  two 
side  branches.  These  receive  the  efEerent  canals  of  the  delicate  testicular 
sacs,  which  occupy  the  lateral  parts  of  the  middle  layer  (7').  The  female 
genital  opening  (fig.  275  rt)  leads  into  a  vagina  (  Va)  situated  behind  the  pouch 
of  the  cirrus,  and  frequently  filled  with  semen.    This  vagina  runs  as  a  tolerably 
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straight  median  canal  on  the  ventral  sui-face,  and  opens  by  a  short,  narrow  tuljc 
into  the  oviduct.  The  vagina  also  functions  as  a  reecjdandvm  xfininix.  There 
is  yet  a  third  opening  (tig.  275,  a),  situated  at  some  distance  behind  the  other 
two  ;  this  is  the  opening  of  the  tubular  uterus  iUt),  the  convolutions  of  which 
give  rise  to  a  peculiar  rosette-shaped  ligure  in  the  midst  of  the  segment 
(  naj/jffnlilic  Piillas).  Close  to  the  hind  end  of  the  segment  the  ducts  of  tlic 
yolk-glands  QDst)  and  of  the  ovaries  (Ov)  unite  witli  each  other  and  open  ini.i 
tbe  uterus  ;  the  cells  of  the  slicll-gland  (,SVZ)  surround  and  open  into  the  point 
of  junction  of  these  structures.  J5ehind  the  uterus,  and  partly  among  its 
posterior  lateral  horns,  lie  the  so-called  coiled  glands  ;  and  at  its  sides  are 
the  so-called  lateral  glands  (Eschricht).  The  latter  are,  according  to  Eschricht, 
the  ovaries  or  germaria  (formerly  held  by  Leuckart  to  be  the  vitellaria). 
The  coiled  glands  (Leuckart's  ovaries),  an  aggregation  of  pear-shaped  cells, 
were  considered  by  Stieda,  with  whom  Landois  and  Sommer  are  in  accord,  u, 
be  a  shell  gland  (fig.  275). 

The  ova  are  for  the  most  part  developed  in  water,  and  escape  from  the  upper 
pole  of  the  egg-shell  through  a  lid-like  valve.  The  escaped  embryo  is  covered 
with  cilia,  by  means  of  which  it  swims  about  for  a  long  time.  Hence  it  is 
probable  that  the  later  stages  of  development  take  place  in  an  aquatic  animal. 
It  is  unknown  how  and  in  what  host  the  embryo  with  six  hooks  becomes  a 
Scolex ;  and  the  question  how  this  tape-worm  gets  into  the  human  bodj' — in 
spite  of  the  researches  of  Knoch,  who  maintained  that  they  appeared  there 
directly  and  without  the  intervention  of  an  intermediate  host — is  still  un- 
decided, £.  cordatus  Lkt.  With  large,  heart-shaped  head,  \\'ithout  a  filiform 
neck  ;  with  numerous  deposits  of  calcareous  bodies  in  the  parenchyma.  It 
attains  a  length  of  about  three  feet  and  lives  in  the  intestines  of  man  and  of  the 
dog  in  Greenland. 

Schistocc2)Jialus  Crepl.  Head  split,  with  a  sucker  on  each  side.  The  body 
of  the  cestoid  form  is  segmented.  S.  solidus  Crepl.  Lives  in  the  body  cavity 
of  the  stickleback,  escapes  into  the  water,  and  becomes  sexually  adult  in  the 
intestine  of  water-birds.  Tria;no])horu>i  Eud.  Head  not  distinct,  with  two 
weak  suckers  and  with  two  pairs  of  tridentate  hooks.  The  body  has  no  external 
segmentation.  The  generative  openings  are  marginal.  T.  nodulosus  Eud.  In 
the  intestine  of  the  pike.    Asexual  encysted  form  in  the  liver  of  Cmivimis. 

Fam.  Jii^vliAsR  (^Psc'udo2)hyllidce^,  Without  real  suckers.  Hooks  are  either 
present  or  absent.  The  Cestoid  has  no  segmentation,  but  the  generative  oi^ns 
are  repeated.  They  live  in  the  body  cavity  of  Teleosteans  and  in  Ihe  intestine 
of  birds.  Ligula  Bloch.  Body  band-shaped  and  unsegmented.  L.  siiiijdi- 
cisswia  Eud.,  in  the  body  cavity  of  fishes  and  in  the  intestine  of  aquatic  birds. 
L.  tuba  V.  Sieb.,  in  the  intestine  of  the  Tench. 

The  families  of  the  Tetrarhynchidae  {Tetrarlujnclms  li/iffvalis,  Cuv.,  passes 
its  young  stages  in  Soles,  and  is  matured  in  the  intestine  of  Eays  and  Dog-fish), 
and  Tetraphyllidse  {Echbieiiothrium  mwinmm  van  Ben.)  are  allied  here. 

Fam.  Caryophyllaeidae.  Body  elongated  and  unsegmented.  The  anterior 
margin  is  plicated.  There  are  no  hooks,  and  there  are  eight  sinuous  longitu- 
dinal canals  of  the  excretory  system.  Generative  organs  single.  The  develop- 
ment is  a  simplified  metamorphosis.  CaryophjillcBUS  viutaUlis  Eud.,  in  the 
intestine  of  Oyprinoids.  The  young  form  possibly  lives  in  Tuhlfcv  rh-idonm, 
if  the  Helminth  observed  by  d'Udekem  was  the  same.  In  this  worm,  however, 
ttiere  lives  another  parasite,  which  was  observed  by  Eatzel  and  has  recently 
been  more  closely  investigated  by  B.  Leuckart,  who  has  shown  that  it  is 
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a  sexually  matui-e  Cestoid  still  fixed  by  an  appendage  bearing  the  embryonio 
liooks.  AroMgetes  Sicholdu  Lkt.  With  two  weak  suckers  and  a  caudal 
appendage. 

Order    4.  ]SrEMERTINI*  =  BHYNCHOCCELA. 

Elongated,  frequently  band-shaped  Platyhelminthes,  with  straight 
alimentary  canal  opening  by  an  anus,  and  with 
a  separate  protrusible  proboscis.     Usually  with 
two  ciliated  pits  in  the  cephalic  region.  The 
sexes  are  separate. 

The  Nemertines  are  distinguished  not  only 
by  their  elongated  form,  but  also  by  their  con- 
siderable size  and  high  organization.  Thick 
layers  of  muscles,  traversed  by  connective  tissue, 
are  spread  beneath  the  integTiment,  which  con- 
tains pigment  as  well  as  flask-shaped  mucous 
glands.    The   external    layer   of  longitudinal 
muscles,  strongly  developed  in  the  Anopla,  is 
wanting  in  the  Enopla  (Nemertines,  the  probos-  IBiSfMI 
cis  of  which  is  armed  with  stylets),  in  which 
group  there  is  only  an  outer  layer  of  circular 
muscles  and  an  inner   layer   of  longitudinal 
muscles.    A  long  tubular  protrusible  proboscis, 
which  is  sometimes  armed  with  stylet-shaped 
rods,  is  always  found  at  the  anterior  end  of  the 
body  above  the   buccal   cavity,  and  projects 
through  a  special  prseoral  opening  (fig.  276),  and 
can  be  retracted  into  a  special  muscular  sheath 
separate  from  the  body  cavity.    At  the  bottom 
of  the  principal  portion  of  the  proboscis,  there 
is  in  many  Nemertines  (Enopla)  a  large  spine, 
which  is  directed  forwards,  and  at  its  sides 
numerous  small  secondary  spines  in  pouches. 
The  posterior  glandular  portion  of  the  proboscis, 
to  which  retractor  mviscles  are  attached,  is, 
according  to  Claparede,  to  be  regarded  as  a 
poison  apparatus.    When  the  proboscis  is  pro- 


*  A.  de  Quatrefages,  "  Memoire  sur  la  famille  des 
Nemertines,"  Ann.  dot  Sc.  Nat..  Ser.  3,  Tom.  VI.,  1846. 


Fig.  276.  —  Tetraatemma 
obsciirum  (after  M. 
Schultze).  Young 
specimen  about  3  lines 
in  length  ;  O,  mouth  j 
D,  intestine ;  A,  anus  ; 
Bg,  blood  vessels  ;  JB, 
proboscis  armed  with 
stylet ;  JSx,  lateral 
trunks  of  the  excre- 
tory system;  P,  ex- 
cretory pore;  G, 
ciliated  pit ;  iVf,  nerve 
centre ;  8s,  lateral 
nerve  trunks ;  Oc, 
eyes. 


Mcintosh,  "  On  the  Structure  of  the  British  Nemerte 
aas,"  Tran.sact.  Edinb.  Royal  Soc,  Tom  XXV.,  I  .Sc  2, 
Barrois,  "  Memoire  sur  rEmbryolog^ie  des  Nemertes,"  Paris,  1877.  Hubrecht 
"  Untersuchungen  iiber  Nemertinen,  etc.,"  Mederl.  Archiv.,  Tom.  II. 
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trucled,  it  is  inverted  like  the  finger  of  a  glove,  so  that  the  blind 
end  at  which  the  spines  are  placed  becomes  the  extreme  front  end 
of  the  protruded  proboscis. 

The  brain  attains  a  considerable  development.  Its  two  halves  ai-e 
connected  by  a  double  commissure  which  embraces  the  proboscis,  and 
in  thein  several  lobes,  usually  a  dorsal  and  ventral,  may  be  distin- 
guished. The  two  ventral  lobes  are  produced  into  the  two  latei'al 
nerve  trunks,  which  in  certain  cases  (Oerstedtia)  may  approach 
each  other  on  the  ventral  surface.  The  nerve  trunks  contain  not  only 
fibres  but  also  a  superficial  layer  of  ganglion  cells,  which  may  give 
rise  to  ganglion-like  enlargements  at  the  points  of  exit  of  the  nerve 
branches.  In  the  embryos  of  Prosorochmus  Claparedii  the  nerve 
trunks  are  said  to  end  in  an  enlargement.  In  the  cephalic  region 
there  are  two  strongly  ciliated  depressions  known  as  the  cephalic 
slits,  beneath  which  special  lateral  organs,  supplied  with  nerves  from 
the  brain  or  it  may  be  posterior  lobes  of  the  brain  itself,  are  placed. 
These  structures  are  probably  sense  organs.  The  cephalic  slits  were 
formerly  erroneously  taken  for  the  openings  of  respiratory  organs. 
Eyes  are  widely  distributed,  and  usually  consist  of  simple  pigment 
spots  which  rarely  contain  refractive  bodies.  Exceptionally,  as 
in    Oerstedtia  2y<^l^'^d'^j  otolithic  vesicles   are   found   on  the 

hrain. 

The  Nemertines,  unlike  all  other  Platyhelminthes,  possess  a  blood- 
vascular  system.  This  consists  of  two  sinuous  lateral  vessels  in 
which  the  blood  flows  from  before  backwards,  and  a  straight  dorsal 
vessel  in  which  the  blood  flows  in  the  reverse  direction.  This  latter 
is  connected  with  the  ventral  vessel  at  the  posterior  end  of  the  body 
and  in  the  region  of  the  brain  by  wide  loops,  and  in  the  rest  of  its 
course  by  numerous  narrower  transverse  anastomoses.  These  vessels 
lie  in  the  body  cavity  and  have  contractile  walls.  The  blood  is 
usually  colourless,  but  in  some  species  it  is  red.  In  AmpJdponcs 
splendens,  Borlasia  splendida,  the  red  colour  (hsemoglobin)  is  con- 
tained in  the  oval  disc-shaped  blood  corpuscles. 

The  Nemertines  are,  with  some  few  exceptions  {Borlasia  herma- 
phroditica),  dioecious.  The  two  kinds  of  generative  organs  have  the 
same  structure,  and  are  sacs  filled  with  ova  or  spermatozoa  lying  in 
the  lateral  portions  of  the  body  between  the  pouches  of  the  intestine, 
and  opening  to  the  exterior  by  paired  openings  in  the  body  wall. 
The  ova,  when  laid,  frequently  remain  connected  by  a  gelatinous 
substance,  and  are  deposited  in  irregular  masses  or  in  strings,  from 
the  middle  of  which  the  animal  creeps  out,  like  the  leech  out  of  its 
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Fig.  %77.—Pilidmm  (after  E.  Metschnikofl).  a,  free  swimming  larva 
with  invaginated  cavity  ;  b,  later  stage,  helmet-shaped ;  -E,  E'  the 
two  pairs  of  ectodermal  invaginations;  D,  alimentary  canal. 


cocoon.  Some  forms,  as  Prosorochmus  Glaparedii  and  Tetrastemma 
obscitnoni,  are  viviparous. 

Some  of  the  Anopla  develop  with  a  metamorphosis.    The  larva  is 

ciliated  and 
may  pass 
through  a 
free -swimming 
stage,  in  which 
case  it  is  known 
as  the  Pili- 
dium,  or  it 
may  be  without 
such  a  stage 
{TypeofDesor). 
In  both  cases 
the  perfect 
worm  is  deve- 
loped within 
the  skin  of  the 
ciliated  larva. 

The  PiUdium  larva  is  helmet-shaped,  and  was  formerly  described  as 
the  species  of  a  supposed  independent  genus,  Pilidium,  and  presents 

many  analogies  to  the 
Echinoderm  larva.  In  the 
case  of  the  Pilidium,  the 
segmentation  is  regular, 
and  results  in  the  formation 
of  a  spherical  ciliated  em- 
bryo, which  is  hatched  and 
becomes  a  free-swimming 
larva ;  the  archenteron  is 
then  formed  by  invagina- 
tion ;  and  at  the  side  of  the 
embryo,  opposite  the  blasto- 
pore, a  long  flagellum  is 
developed  (fig.  277,  a).  On 
each  side  of  the  mouth  a 
broad  lobe  grows  out,  the 
edges  of  which  are  fringed 
with  cilia  (fig.  277,  h). 
Two  pairs  of  invaginations  of  the  ectoderm  now  make  their  appear- 


FiG.  278.— Later  stage  of  Filidium,  with  tuft  of  cilia 
and  enclosed  Nemertine  (after  BiitschU) ;  Oe, 
oesophagus;  B,  alimentary  canal ;  4m,  amnion; 
R,  rudimentary  proboscis  of  the  Nemertine ;  So, 
lateral  pit. 


342 


PLATYIIELMINTHES. 


ance,  forming  the  first  rudiment  of  the  Nemertine  body.  The  four 
discs  so  foi-med  fuse  together  and  give  rise  to  a  ventral  germinal 
plate,  which  gi-adually  grows  round  the  alimentary  canal  of  the 
Pilidium  to  form  the  skin  of  the  future  Nemertine,  The  proboscis 
arises  as  an  invagination  of  the  anterior  end  of  the  germinal  plate 
(fig.  278).  The  young  Nemertine  subsequently  breaks  through 
the  larval  skin. 

The  Nemertines  live  principally  in  the  sea,  under  stones  in  the 
mud,  but  the  smaller  species  swim  about  freely.  There  are  also 
forms  which  live  on  the  land,  as  well  as  pelagic  forms.  Certain 
species  form  tubes  and  passages,  which  are  lined  with  a  slimy  secre- 
tion. The  food  of  the  larger  species  principally  consists  of  tubicolous 
worms,  which  they  extract  from  their  habitations  b}'-  means  of  the 
proboscis.  There  are,  however,  parasitic  Nemei-tines  which  infest 
Crustacea  or  live  on  the  mantle  and  gills  of  Mollusca.  In  this  case 
they  are,  like  the  Hirudinea,  furnished  with  a  posterior  sucker 
i^Malacohdella).  The  Nemertines  are  distinguished  by  their  repro- 
ductive capacity  and  by  their  tenacity  of  life.  Mutilated  parts  are 
quickly  regenerated,  and  the  parts  into  which  certain  species  readily 
break  are  said  to  have  the  capacity,  under  favovirable  conditions,  of 
developing  into  new  animals. 

1.  Sub-order :  Enopla. — The  proboscis  is  armed  with  stylets. 
The  short,  often  funnel-shaped  cephalic  slits  are  connected  with 
lateral  organs,  which  correspond  to  the  posterior  cerebral  lobes  of 
the  Anopla.  In  the  brain  the  upper  lobes  are  slightly  elongated 
posteriorly  leaving  the  ventral  lobes,  from  which  the  lateral  nerves 
arise,  quite  free.    Development  takes  place  without  metamorphosis. 

Fam.  Amphiporidse.  The  ganglia  are  more  rounded,  the  lateral  nerve 
trunks  are  placed  inside  the  dermal  muscles.  The  mouth  is  on  the  ventral 
surface  near  the  anterior  end  of  the  body,  in  front  of  the  commissures  between 
the  ganglia.  The  lateral  organs  are  separated  from  the  brain  and  connected 
with  it  by  fibres  :  they  contain  a  narrow  water  canal.  Amjih-iporus  lartiflorciiii 
Johnst.  Lives  under  stones,  and  is  distributed  from  the  North  (^eas  to  the 
Mediterranean,  3— i  in.  long.  A.  spectaMm  Quatr.  Borlasla  spUndida  Kef., 
Mediterranean,  and  Adriatic.  TetrmUmimi  olscunmi  M.  Sch.  Viviparous  : 
Baltic.    T.af/ricola  Will.  Suhm.,  terrestrial.    Mmertes  gracilis  Johnst. 

2.  Svib-order  :  Anopla. — The  proboscis  is  unarmed.  The  long 
cephalic  slits  occupy  the  whole  side,  or  the  anterior  part  of  the  head, 
and  lead  into  the  lateral  organs,  which  are  direct  processes  of  the 
upper  lobes  of  the  brain.  Development  frequently  by  means  of 
ciliated  larvae. 
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Fam.  LineidsB.  Ganglion  elongated.  The  head  has  deep  slits  on  either  side. 
L'mcm  marhms  Mont.,  L.  Icngissimis  Sim.  (sea  long-worm,  Borlasia  anglica 
Oerst..  JSVmertes  JBorlaxU  Cuv.),  grows  to  a  length  of  15  feet  and  more. 
English  coast.  Ccrelmtulus  mar(jinat'us  =  Mechelia  somatotomuft  F.S.  Lkt., 
Adriatic  and  Mediterranean.  Mirrura  fasoiolata  Ehrbg.,  North  Seas  to  the 
Adi-iatic. 

Fam.  CephalotricMdse.  Cephalic  slits  and  lateral  organs  are  wanting.  Head 
not  distinct,  very  long  and  pointed.    Ce]}halothrix  hioeulata  Oerst.  Sund. 

Malacohdellii  grossa  0.  Fr.  Mlill.  Body  broad  and  flat,  with  posterior  sucker. 
Is  parasitic  in  the  mantle  cavity  of  various  MoUusca,  as  My  a,  Cgprlna,  etc. 
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Round  worvis  with  tiibular  or  filiform  bodies.  The  cuticle  is  fre- 
quently ringed.  The  anterior  pole  is  either  armed  with  hooks  or 
provided  with  papillce.    The  sexes  are  separate. 

The  unsegmented  body  is  rounded,  more  or  less  elongated,  tubular 
or  filiform,  and  both  ends  are,  as  a  rule,  tapered  off.  Appendages 
are  always  wanting,  as  are,  with  few  exceptions,  movable  bristles. 
On  the  other  hand,  special  organs  for  attack  and  attachment,  such 
as  teeth  and  hooks,  are  not  unfrequently  present  on  the  anterior 
end  of  the  body ;  and  in  some  cases  small  suckers,  which  serve  for 
attachment  during  copulation,  may  be  developed  on  the  ventral 
surface.  As  a  rule,  the  integument  possesses  a  cuticular  layer  of 
relatively  considerable  thickness,  and  a  well  developed  muscular 
layer,  which  permits  not  only  of  the  body  being  knotted,  cm'ved,  and 
bent,  but,  in  the  thin  filiform  Nematoda,  of  undulatory  movements. 
The  body  cavity  is  enclosed  by  the  muscular  body  wall,  and  con- 
tains the  blood  fluid  and  the  digestive  and  generative  organs. 
Blood  vessels  and  respiratory  organs  are  wanting.  A  nervous 
system  is,  however,  always  present.  Of  sense  organs  simple  eyes 
are  not  unfrequently  present  in  the  free  living  forms.  The  sense 
of  touch  is  probably  distributed  all  over  the  surface  of  the 
body,  particularly  on  the  anterior  end,  especially  when  papillee 
and  lip-like  prominences  or  bristles  are  found  on  it.  While  in  the 
Acanthocephala  mouth  and  alimentaiy  canal  are  completely  absent, 
the  Nematoda  possess  a  mouth  placed  at  the  anterior  pole  of  the 
body,  an  oesophagus,  and  an  elongated  straight  digestive  canal,  which 
usually  opens  by  the  anus  on  the  ventral  surface  near  the  pos- 
terior end  of  the  body.  The  excretory  organs  have  various  forms, 
and  always  differ  considerably  from  those  of  the  Platodes.  In  the 
Nematoda  they  consist  of  paired  canals,  which  open  by  a  common 
pore  and  lie  in  the  so-called  lateral  lines.     In  the  Acanthoce- 


344 


KEMATHELMrtfTHES. 


phala  they  are  branching  subcutaneous  canals.  With  a  few  excep- 
tions the  Nemathelminthes  have  separated  sexes,  and  develop 
directly  without  metamorphosis.  The  larvss  and  sexual  animals  are 
not  unfrequently  distributed  in  two  different  hosts. 

The  majority  of  the  Nemathelmintlm 
are  parasites  either  during  the  whole  period 
of  their  life  or  at  different  stages.  There 
are,  however,  also  free  living  forms  which 
often  show  the  closest  relationship  to  the 
parasitic  members  of  the  group. 

Order  1. — Nematoda  (Thread-worms).* 

Nemathelminthes,  with  mouth  and  ali- 
mentary canal.  They  are  ininciixdly 
parasites. 

The  Nematodes  possess  an  extremely 
elongated  thread-like  body,  which  may  be 
provided  with  papillse  at  the  anterior  pole 
in  the  i-egion  of  the  mouth,  or  with  hooks 
and  spines  within  the  oral  cavity.  The 
mouth  leads  into  a  narrow  oesophagus, 
which  usually  has  thick  muscular  walls,  a 
chitinous  lining,  and  a  triangular  lumen, 
and  is  frequently  dilated  behind  to  a 
muscular  bulb  (pharynx).  In  certain 
genera  {Rhabditis,  Oxyitris),  the  chitinous 
lining  of  the  pharynx  is  raised  into  ndges 
or  tooth-like  prominences,  to  which  the 

*  Besides  the  older  writings  of  Eudolphi. 
Bremser,  Cloquet,  Dujardin,  compare  Diesiiig, 
"  Systema  helminthum,"  2  Bde  Wien,  -ISoO-ol. 
Diesing,  "  Revision  der  Nematodeu,"  Wiciu  r 
SitzwigshcriclitL',  1860.  Clapar^de,  "  De  la  for- 
mation et  de  la  fecondation  des  oeufs  chez  les 
vers  Nematodes,"  Geneve,  IS.'ie.  A.  Schneider. 
"  Monographic  der  Nematoden,"  Berlin.  186(i. 
R.  Leuckart,  "  Uutei-suchungen  tiber  Trichina 
spiralis,"  Leipzig  and  Heidelberg,  1866,  2nd 
edition ;  also  "  Die  menschlichen  Parasiten."  etc., 
Tom.  II.,  Leipzig  and  Heidelberg,  1876.  C.  Claus. 
"  Ueber  Leptodera  appendicnlata,"  Marburg. 
1868.  0.  Biitschli,  '•  Untersuchungen  iiber  die 
beiden  Nematoden  der  Periplaneta  orieutali.*.'" 
Zeitzsclir.  fur  IT'/s-f.  ^wZ.,  Tom.  XXL,  1871.  And  "  Beitrtige  zur  Kenntnis> 
des  Nervensystems  der  Nematoden,"  Archiv.  fur  Miftr  Anatomie,  Tom  X. 


Fig.  279. — Oxyuris  vermicular  is 
(after  R.  Leuckart).  a,  female; 
0,  mouth ;  A,  anus ;  V,  genital 
opening ;  b,  male  with  curved 
posterior  end;  e,  the  latter 
enlarged;  -Sji,  spiculum;  d, 
egg  with  enclosed  embryo. 
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radial  muscles  converge  in  the  form  of  conical  bundles.  Accord- 


in 


mm 


to  its  function,  the  oesophagus  is  essentially  a  suctorial  tube, 
which  pumps  in  fluids,  and  by  peristaltic  action  passes  them  on  to 
the  intestine.  The  intestine  follows  the  pharynx,  and  opens  by  the 
anus  not  far  fi-om  the  hind  end  of  the  body  on  the  ventral  surface 
(fig.  2 79).  Its  walls  are  formed  of  cells  and  are  non-muscular, 
except  behind,  where  they  have  a  special  investment  of  muscular 
fibres  which  render  the  terminal  portion  contractile.  Muscular 
fibres  passing  from  the  body  wall  to  the  wall  of  the  rectum  are  also 
frequently  present.  In  certain  Nematodes  the  anus  may  be  want- 
ing {Mermis) ;  and  in  Gorclius  even  the  alimentary 
canal  undergoes  degeneration. 

Beneath  the  stiff  cuticle,  which  is  often  trans- 
versely ringed,  and  is  composed  of  several  layers, 
lies  a  soft  granular  nucleated  sub-cuticular  layer 
{hypodermis),  which  is  to  be  regarded  as  the  matrix 
of  the  former.  Beneath  this  lies  the  highly  deve- 
loped muscular  layer,  in  which  band-shaped  or  fusi- 
form longitudinal  muscles  predominate.  The  surface 
of  the  body  may  present  markings,  as  for  instance 
polyhedric  spaces  and  longitudinal  ribs,  also  pro- 
cesses in  the  form  of  tubercles,  spines,*  and  hairs. 
Ecdyses,  i.e.,  shedding  the  cuticular  layer,  seem 
only  to  occur  in  the  young  forms.  The  muscles 
are  each  composed  of  a  single  cell,  in  which  two 
parts  are  distinguishable, — a  clear,  sometimes  a 
granular  protoplasmic  portion  (medullary  sub- 
stance), which  projects  into  the  body  cavity  and 
is  often  prolonged  into  processes  ;  and  an  external 
fibrillated  layer  (fig.  280).  The  Nematodes  may 
be  distinguished  as  Meromyaria  or  Polymyaria, 
according  to  the  arrangement  of  their  muscular  system.  In  the 
Meromyaria  the  number  of  muscle  cells  (which  are  arranged 
according  to  definite  laws)  in  the  cross  section  is  small  (eight), 
while  in  the  Polymyaria  their  number  is  considei'able.  In  the  latter 
the  muscle  cells  are  often  connected  together  by  transverse  processes 
of  the  medullary  substance,  which  unite  on  the  so-called  median 
lines  to  form  a  longitudinal  cord. 


i 


Fig.  280.  —  Muscle- 
cell  of  a.  Nematode. 


*  There  may  also  be  prominences  of  various  Mud?,  and  even  in  some  cases  a 
complete  covering  of  spines  {Cheir acanthus  Dies  =  Gnathosto ma  Ow.,  Cfi. 
hiKpidiim  Fedsch.) 
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In  almost  every  case,  with  the  exception  of  Gordiua,  two  later  U 
regions  remain  free  from  muscle  and  form  the  so-called  lateral  line, 
or  regions,  which  may  equal  in  lireadth  the  neighbouring  muscular 
regions.  These  lateral  regions  are  formed  of  a  finely  gi-anulai- 
nucleated  substance,  and  enclose  a  clear  vessel  containing  granules 
This  vessel  is  connected  with  that  of  the  opposite  side  in  the  anterior 
part  of  the  body,  and  the  two  open  by  a  common  transverse  slit,  the 
vascular  -pore,  on  the  ventral  surface  in  the  median  line.  Vhe 
lateral  lines  have  the  value,  both  as  regards  position  and  sti-ucture, 
of  excretory  organs.  Median  lines  {dorsal  and  ventral),  accessoiy 
median  lines  (sub-median  lines),  the  latter  being  placed  between 
the  principal  median  line  and  the  lateral  line,  are  also  to  be  dis- 
tinguished. The  so-called  ventral  cord  of  Gordius,  which  may  be 
compared  to  the  median  line  and  has  perhaps  the  significance  of  an 
elastic  rod,  is  very  large.  Cutaneous  glands,  in  the  form  of  unicel- 
lular glands,  have  been  observed  principally  in  the  region  of  the 
cesophagus  and  in  the  tail. 

The  nervous  system,  owing  to  the  difficulty  which  its  investigation 
offers,  has  only  been  satisfactorily  recognised  in  a  few  forms'.  It  con- 
sists of  a  nerve  ring  surrounding  the  oesophagus,  and  sending  off 
posteriorly  two  and  anteriorly  six  nerve  trunks  {Ascaris  megalo- 
cephala).  The  posterior  trunks  run  in  the  dorsal  and  ventral  lines 
(iV.  dorsalis,  ventralis),  to  the  extremity  of  the  tail ;  while  of  the 
six  anterior  nerves,  two  run  in  the  lateral  lines  (iV.  laterales),  four 
in  the  interspaces  between  the  lateral  and  median  lines  {N.  sicb- 
mediani),  and  supply  the  papillte  around  the  mouth.  The  gangUon 
cells  lie  partly  near,  in  front  of  and  behind  the  nerve  ring,  partly 
on  the  fibrous  cords  themselves,  and  are  ai-iunged  in  groups  which 
can  be  distinguished  as  ventral,  dorsal,  and  lateral  ganglia.  There 
are  in  addition  groups  of  ganglion  cells  in  the  median  lines  and  in 
the  lateral  lines  in  the  caudal  region. 

As  sense  organs  we  must  mention  the  eyes  found  in  the  free- 
living  Nematoda,  and  the  papillae  and  tactile  hairs  found  principally 
in  the  neighbourhood  of  the  mouth.  Each  papilla  is  suppHed  by 
one  nerve  fibre,  which  is  swollen  to  a  knob  and  forms  the  axis  of 
the  papilla. 

[The  Nematoda  possess  a'  body  cavity,  but  are  without  anj'  trace  of  a  vas- 
cular system.] 

Generative  organs.  The  Nematodes  are  dioecious  (mth  ex- 
ception of  the  liermaphodrite  Pelodytes,  and  of  the  lihabdonema 
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{Ascaris)  niyrovenosum,  which  produces  first  spermatozoa  and  later 
ova).  The  males  are  characterised  by  their  smaller  size,  and  by  the 
posterior  end  of  the  body  being  generally  curved.  Both  kinds  of 
generative  organs  consist  of  single  or  paired  and  often  much  coiled 
Tubes,  at  the  upper  end  of  which  the  generative  products  are  de- 
veloped, the  lower  ends  representing  the  efferent  ducts  and  recep- 
tacula  of  the  generative  products.  The  usually  paired  ovarian  tubes, 
;it  the  upper  ends  of  which  the  ova  arise,  terminate  in  a  short 
vagina,  which  opens  on  the  ventral  surface,  rarely  near  the  posterior 
end  of  the  body.  The  male  generative  apparatus,  which  contains 
hat-shaped  spermatozoa,  is  almost  invariably  represented  by  an 
unpaired  tube,  and  usually  opens  on  the  ventral  surface  near  the 
posterior  end  of  the  body  in  a  common  opening  with  the  intestine. 
As  a  rule,  the  common  cloacal  portion  contains  two  pointed  chitinous 
rods,  the  so-called  spicula,  in  a  pouch-like  invagination.  These 
spicula  can  be  protruded  and  retracted  by  a  special  muscular  ap- 
paratus, and  serve  to  fasten  the  male  body  to  the  female  during 
copulation.  In  many  cases  {Strongyliclce)  an  umbrella  like  bursa  is 
added,  or  the  terminal  portion  of  the  cloaca  can  be  protruded  like 
a  penis  {Trichina)  ;  in  this  case  the  cloacal  aperture  Kes  almost  at 
the  extreme  end  but  is  still  ventral  {Acroplialli).  In  the  male 
papillse  are  almost  always  present  in  the  region  of  the  posterior  end 
of  the  body,  and  their  number  and  arrangement  afford  important 
specific  characters. 

Development.  The  Nematoda  for  the  most  part  lays  eggs  ;  it  is 
only  in  rare  cases  that  they  bear  living  yoting.  The  eggs  usually 
possess  a  hard  shell  and  may  be  laid  at  different  stages  of  the 
embryonic  development  or  before  it  has  begun.  In  the  viviparous 
Nematodes  the  eggs  lose  their  delicate  membi-anes  in  the  uterus  of 
the  mother  (Trichina,  Filaria).  Fertilization  takes  place  by  the 
entry  of  a  spermatozoon  into  the  ovum,  which  is  still  without  a  mem- 
brane. The  segmentation  is  equ.al,  and  leads  to  the  formation  of 
a  kind  of  invaginate  gastrula.  From  the  two  cell  layers  are  de- 
veloped the  body  wall  and  the  alimentary  canal.  The  embryo 
gradually  assumes  an  elongated  cjdindrical  form,  and  comes  to  lie 
rolled  vip  in  several  coils  within  the  shell.  The  excretory  pore  and 
the  rudiments  of  generative  organs,  as  well  as  a  nerve  ring,  are 
present  in  the  embryo,  which  is  also  provided  with  mouth  and 
anvis.  The  free  development  is  a  metamorphosis,  usually  com- 
plicated by  the  circumstance  that  it  is  not  undergone  in  the  habitat 
of  the  mother.    The  young  stages  or  larvae',  probably  of  most  Nema- 
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todes,  have  a  different  habitat  to  that  of  the  sexual  aniuial;  the 
young  and  the  adult  Nematode  being  contained  in  different  organs 
of  the  same  or  even  of  different  animals.  The  larvse  live  for 
the  most  par-t  in  parenchymatous  organs,  either  free  or  encysted 
in  a  cohnective  tissue  capsule  ;  the  adults,  on  the  contrary,  live 
principally  in  the  alimentary  canal. 

The  embryo  is  almost  invariably  characterised  by  the  special  form 
of  the  oral  and  caudal  extremities,  but  sometimes  also  by  the  poss(,s- 
sion  of  a  boring  tooth,  or  of  a  circle  of  spines  (Gordius).  Sooner 
or  later  the  skin  is  shed,  and  the  animal  enters  its  second  stage, 
which  may  often  still  be  considered  as  a  larval  stage;  repeated 
ecdyses  precede  the  sexually  adult  stage. 

The  post-embryonic  development  of  the  Nematodes  presents 
numerous  modifications.    In  the  simj)lest  cases  the  embryo,  while 

still  enveloped  in  the  egg  mem- 
branes, is  transported  passively 
in  the  food  {Oxyuris  vermiculuris 
and  Trichocephalus).  In  many 
Ascaridce— to  judge  by  the  species 
parasitic  in  the  Cat — the  em- 
bryos, which  are  provided  with 
a  boring  tooth,  first  make  their 
way  into  an  intermediate  host, 
by  which  they  are  transported 

Fig,  2Sl.-Sclero.^tomum    tetracauthum,    en-       jj^^g  ^]^g  intestine  of  the  SeCOnd 
cysted  (after  R.  Leiickart). 

host  With  the  food  or  water. 

More  frequently  the  young  forms  encyst  within  the  intermediate 
host,  and,  enclosed  in  the  cyst,  are  transferred  into  the  stomach  and 
intestine  of  the  permanent  host  (fig.  281).  For  example,  the  embryos 
of  Spiroptera  ohtusa  of  the  Mouse,  while  still  in  the  egg  membranes, 
are  taken  with  the  food  by  the  Meal-worm,  in  the  body  cavity  of 
which  they  encyst.  In  the  viviparous  Trichina  sp>iralis  there  is  a 
modification  of  this  mode  of  development  inasmuch  as  the  migration 
of  the  embryos  and  theii-  development  to  the  encysted  form  found 
in  the  muscles  (muscle-trichina)  take  place  in  the  same  animal 
which  contains  the  sexually  matui-e  intestinal  Trichinas. 

The  development  of  the  Nematode  larvae  often  makes  a  considerable 
advance  within  the  intermediate  host  into  which  they  have  migrated. 
Thus,  for  instance,  in  Gucullmius  elegans,  the  embryos  migrate  into 
the  Cyclops,  and  in  the  body  cavity  of  these  small  Crustacea  undergo 
two  ecdyses  and  essential  alterations  of  form,  obtaining  at  this  early 
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sta-e  the  characteristic  oral  capsule  of  the  sexually  adult  stage,  to 
which  they  only  develop  in  the  intestine  of  the  Perch.  According 
to  Fedschenko,*  a  simHar  mode  of  development  occurs  in  Ftlaria 
medmemis.  The  embryos  pass.into  puddles  of  water,  and  migrate 
thence  into  the  body  cavity  of  the  CyclopidcB;  and  after  casting  their 
skin  assume  a  form  which,  except  for  the  absence  of  the  oral  capsule, 
resembles  that  of  the  larva  of  Cucullanus.  After  the  expiration  of 
two  weeks  there  is  another  ecdysis,  with  which  is  connected  the  loss 
of  the  long  tail.    The  later  history  is  unknown.    It  has  not  yet 


Fig.  282. — a,  Shabdonema  {Ascarin)  nigrovenomm  of  a,boiit  3'5  mm.  in  length  in  the  stage  of 
maturity  of  the  male  products  ;  (?,  genital  glands  ;  0,  mouth;  D,  intestine  ;  A,  anus  ;  iV, 
nerve-ring;  Brz,  glandular  cells;  ^,  isolated  spermatozoa,  i,  Male  and  female  iJ/wifZiYis 
forms  from  about  I'o  mm.  to  2  mm.  long ;  Ov,  ovary  ;  T,  testis  ;  V,  female  genital  opening ; 
Sp,  spicula. 

been  discovered  whether  the  migTation  of  the  Filarian  larva  into 
the  permanent  host  (Man,  see  p.  356)  takes  place  with  the  body  of 
the  Cyclops,  or  independently  after  copulating  in  the  free  state. 

The  embryos  of  some  Nematoda  develop  in  damp  muddy  earth,- after 
casting  their  skin,  to  small  so-called  Rhahditis  forms  with  a  double 

*  Compare  FedsclicnVo,  "  Ueber  den  Bau  und  Entwicklung  der  Filaria 
medinensis,"  in  the  Beriohtcn  der  Freunde  der  Natwiois-ieyischaften  in  3/o.sJtaii 
Tom  VIII.  and  X. 
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enlargement  of  the  esophagus  and  with  a  pharynx  armed  with  thr 
teetli.    They  lead  an  independent  life  in  this  habitat,  and  finaU 
migrate  to  lead  a  parasitic  life  within  the  permanent  host,  wher 
after  several  ecdyses  and  alterations  of  form,  they  attain  the  sexually 
mature  condition.    This  mode  of  development  occurs  in  Dochmi, 
trigonocephalus  from  the  intestine  of  the  dog,  and  very  probal)ly 
the  nearly  allied  D.  {Ancylostomum)  duodenalis  of  man,  and  also 
Sclerostonmm. 

The  offspring  of  parasitic  Nematodes  may,  however,  attain  sexual 
maturity  in  damp  earth,  as  free  Rhahditis  forms,  and  represent 
special  generation  of  forms  wliose  offspring  again  migrate  and  become 
parasites.  Such  a  life  history  is  a  case  of  heterogamy.  It  occurs 
in  Rhahdonema  nigrovenosum,  a  parasite  in  the  lungs  of  Batrachians. 
These  parasites,  which  are  about  half  to  three-quarters  of  an  inch 
long,  all  have  the  structure  of  females,  but  contain  spermatozou, 
which  are  produced  (as  in  the  viviparous  Pelodytes)  in  the  ovarian 
tubes,  but  earlier  than  the  ova.  They  are  viviparous.  The  embryos 
make  their  way  into  the  intestine  of  their  host,  and  accumulate  in 
the  rectum,  but  iinally  pass  to  the  exterior  in  the  fjeces,  and  so 
reach  the  damp  earth  or  muddy  water,  where  they  develop  in  a  short 
time  into  the  Rhabditis-like  forms,  which  have  separate  sexes  and 
are  barely  1  mm.  in  length  (fig.  282,  a  and  b).  The  impregnated 
females  of  the  latter  produce  only  from  two  to  four  embryos,  which 
become  free  inside  the  body  of  the  mother,  pass  into  her  body  cavity, 
and  there  feed  on  her  organs,  which  disintegrate  to  form  a  gi-anular 
detritus.  They  finally  migrate  as  slender,  already  tolerably  large 
Nematodes  into  the  lungs  of  the  JBatixichia,  passing  through  the 
buccal  cavity  and  glottis.  The  Le2Jtodera  appendiculata,  which  lives 
in  the  slug  Arion  empiricomvi,  also  presents  in  its  development  a 
like  alternation  of  heteromorphic  generations,  which,  however,  are 
not  strictly  alternating,  inasmuch  as  numerous  generations  of  the 
Rhccbditis  form  may  succeed  one  another. 

The  Leptodera  are  peculiar  in  that  the  form  parasitic  in  the 
snail  is  a  larva  characterised  by  the  absence  of  a  mouth,  and  by 
the  possession  of'  two  long  band-shaped  caudal  appendages;  it 
quickly  attains  maturity,  but  only  after  a  migration  into  damp  earth 
and  after  losing  the  caudal  appendages  and  casting  the  skin. 

The  Nematoda  feed  on  organic  juices,  some  of  them  also  on  blood, 
and  ai-e  enabled  by  their  armed  mouth  to  inflict  wounds  and  to  gnaw 
tissues.  They  move  by  bending  their  body  with  a  rapid  undulatory 
movement  towards  the  ventral  and  dorsal  surfaces,  which  thus  seem 
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to  be  the  lateral  surfaces  of  the  moving  animal.  Most  Nematoda 
are  parasitic,  but  lead  an  independent  life  in  certain  stages  of  their 
life  history.  Numerous  small  Nematoda,  however,  are  never  parasitic, 
but  live  freely  in  fresh  and  salt  water  and  in  the  eai-th.  Some 
Nematodes  are  parasitic  in  places,  for  example,  Anguilhda  tritici, 
dipsaci,  etc. ;  some  live  in  dei^fying  vegetable  matter,  e.g.,  the 
vinegar  worm  in  fermenting  vinegar  and  paste.  Nevertheless  very 
similar  forms  occur  in  the  contents  of  the  intestine  and  in  the  faeces 
of  different  animals  and  of  man  (xl.  intestinalis,  stercoralis).  The 
power  possessed  by  small  Nematoda  of  resisting  the  effects  of  pro- 
longed desiccation  and  of  coming  to  life  again  on  being  moistened 
is  very  remarkable. 

Fam.  Ascaridse.  Body  tolerably  stout.  With  three  lips  furnished  with 
papilla.  One  of  these  lips  is  directed  towards  the  dorsal  surface,  while  the  two 
others  meet  together  in  the  ventral  line.  The  posterior  end  of  the  male  is 
ventially  cvirved,  and  usually  furnished  with  two  horny  spicula. 


Fig.  29&.—Aiicans  himhricoides  (after  R.  Leuckart).  a.  Posterior  end  of  a  male  with  the  two 
spicula  (Sp).  b,  Anterior  end  from  the  dorsal  side,  with  the  dorsal  lip  fm-nished  with 
two  papillse.  c,  The  same  from  the  ventral  side  with  the  two  lateral  ventral  lips  and  the 
excretory  pore  (P).   d,  Egg  with  the  external  membrane  formed  of  small  clear  spherules. 

Ascar/s  L.  Polymyarian,  with  three  strongly  developed  lips,  the  edges  of 
which  are  in  the  larger  species  provided  with  teeth.  The  pharynx  is  not  sepa- 
rated as  a  distinct  bulb.  The  caudal  extremity  is  usually  short  and  conical, 
and  in  the  male  sex  invariably  provided  with  two  spicula  (fig.  283,  a).  A. 
Inmbricoides  Cloquet,  the  human  round  worm,  a  smaller  variety  in  the  pig 
CA.  xuilla  Duj.)  The  eggs  pass  into  water  or  damp  earth  and  remain  there 
some  months,  until  the  embryonic  development  is  completed  ;  they  are  probably 
carried  into  the  alimentary  canal  of  their  later  host  by  means  of  an  inter- 
mediate host.  A.  megaloce^yhalM  Cloquet  (horse  and  ox):  A.  mi/sta-v  Zed. 
(cat  and  dog),  sometimes  parasitic  in  man. 

0.ajuris  Rud.  Meromyarian  ;  usually  with  three  lips,  which  bear  small 
papiUae.  The  posterior  end  of  the  oesophagus  is  enlarged  to  a  spherical  bulb 
provided  with  a  masticatory  apparatus.  The  posterior  end  of  the  body  of  the 
female  is  thin  and  pointed,  while  that  of  the  male  has  only  two  prseanal  and  few 
postanal  papillae,  and  a  single  spiculum  (fig.  279).  0  vcrmicularu  L.,  in  the 
large  intestine  of  man,  distributed  in  all  countries.  The  female  is  about  ten 
mm.  long.    0.  cnrmda  Eud.,  in  the  c^cum  of  the  Horse. 
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Fam.  StrongylidBB.  The  male  genital  opening  is  placed  at  the  hinder  end  of 
the  body,  at  tlie  bottom  of  an  umbrella-  or  bell-whaped  l)ursa,  the  margin  of 
which  is  furnished  with  a  varying  number  of  papillic. 

EvfitroHfi ylus  Dies.  With  six  projecting  oral  papillae,  and  a  row  of  papillse 
on  either  lateral  line.  The  bursa  is  bell-shaped  and  completely  closed,  with 
regular  muscular  walls  and  numerous  marginal  papillae.  There  is  only  one 
spiculum.  The  female  genital  opening  is  far  forward.  Thelarv^  live  encysted 
in  fishes.  (^Filaria  ri/xtira  from  Symhranckux').  E.  (jirjaK  Rud.,  the  body  of 
the  female  is  three  feet  in  length,  and  only  twelve  mm.  thick.  It  lives  singly 
in  the  pelvis  of  the  kidney  of  the  Seal  and  Otter,  and  very  rarely  in  Man. 
Strongylm  End.    With  six  oral  papillae  and  small  mouth.    Two  conical 

cervical  papillae  upon  the  lateral  lines.  The  ]j08- 
terior  end  of  the  male  has  an  umbrella-like  incom- 
pletely closed  bursa.  Two  equal  spicula,  usually 
with  unpaired  supporting  organ.  The  female  sexual 
opening  is  sometimes  approached  to  the  posterior 
end  of  the  body.  They  live  for  the  most  part  in  the 
lungs  and  bronchial  tubes.  St.  lonffcvar/matrot  Dies. 
Body  26  mm.  long,  5  to  7  mm.  thick.  The  female 
sexual  opening  lies  directly  in  fi-ont  of  the  anus, 
and  leads  into  a  simple  ovarian  tube.  Only  once 
found  in  the  lung  of  a  six-year  old  boy,  in  Klausen- 
burg.  St.  jjaradoxu-f  Mehlis,  in  the  bronchial  tubes 
of  the  pig.  St.  Jilarin  Rud.,  in  the  bronchial  tubes 
of  the  sheep.  St.  com.nmtatus  Dies.,  in  the  trachea 
and  bronchial  tubes  of  the  hare  and  rabbit.  St. 
miriotilaris  Rud.,  in  the  small  intestine  of  Batraclda. 

Bochiiius  Duj.  With  wide  mouth  and  horny  oral 
capsule,  the  edge  of  which  is  strongly  toothed.  Two 
ventrally  placed  teeth  project  at  the  bottom  of  the 
oral  capsule,  while  on  the  dorsal  wall  a  conical  spine 
projects  obliquely  forwards.  JD.  duoclcnalU  Dub. 
{Ancylostoimiti  duodenale  Dub.),  10  to  18  mm.  long, 
in  the  small  intestine  of  Man,  discovered  in  Italy  ; 
very  widely  distributed  in  the  countries  of  the  Nile 
(Bilharz  and  Griesinger).  By  aid  of  its  strongly 
armed  mouth  it  wounds  the  intestinal  mucous  mem- 
brane, and  sucks  the  blood  from  the  vessels.  The 
frequent  hsemorrhages  occasioned  by  these  Dochmia 
are  the  cause  of  the  illness  known  by  the  name  of 
Egyptian  chlorosis  (fig.  284).  It  has  lately  been 
established  that  this  worm  occurs  in  Brazil,  and 
that,  like  D.  triffonocqjJiahis,  it  develops  in  puddles 
of  water  (Wucherer).  D.  tri{/07ioeep7iali(.it  Rud.,  in  the  Dog.  Sclcrostonmm  Rud. 
With  characters  of  Dochmius,  but  with  a  different  oral  capsule,  into  which  two 
long  glanular  sacs  open.  So.  equijium  Duj.  =  armatiom  Dies.  In  the  intestine  and 
the  mesenteric  arteries  of  the  horse.  Bollinger  *  has  shown  that  the  phenomena 
of  colic  in  the  horse  may  be  referred  to  embolic  processes  proceeding  from 
aneurism  of  the  intestinal  artery.    Each  aneurism  contains  about  nine  worms. 

*  Bollinger,  "  Die  Kolik  der  Pferdc  und  das  Wurmaneurysma  der  Einge- 
weidearterien,"  Miinchen,  1870. 


Fis.  284. — Douchmius dodemilis 
(after  R.  Leuckart).  a,  male; 
O,  mouth ;  3,  bursa.  6, 
Female  ;  0,  mouth;  A,  anus; 
V,  vulna. 
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Sc.  tetvaeantKum  Mehlis,  also  iu  the  intestine  of  the  horse.  The  cmbiyos,  after 
mi-rating  into  the  intestine,  become  encysted  in  the  walls  of  the  rectum  and 
ceecum,  assume  within  the  cyst  their-  definite  form,  break  out  from  the  cyst, 
and  escape  again  into  the  intestine.    Oiicullamts  clcgam  Zed.,  m  the  Perch. 

Fam.  Trichotrachelidffi,  with  long  neck-Uke  thin  anterior  portion  of  the 
body.     Mouth  small,  without  papilhe.     (Esophagus  very  long,  traversing  a 

peculiar  cord  of  cells. 

T>-irhocr2M<.s-  Goeze.  Anterior  part  (fig.  28.5)  of  the  body  elongated  and 
whip-shaped:  posterior  part  cylindrical  and  sharply  distinct,  enclosing  the 
2-euerative  organs,  in  the  male  it.  is  coiled  up.  Lateral  lines  absent.  Mam 
median  lines  present.  The  penis  is  slender  and  furnished  with  a  sheath,  which 
is  turned  inside  out  when  the  former  is  protruded.  The  hard-shelled,  citron-shaped 
eggs  undergo  the  first  part  of  their  development  in  water.  Ti:  d/sipar  End.  In 
the  human  colon  :  these  worms  do  not  live  fi-ee  in  the  intestine,  but  bury  their 
filiEorm  anterior  extremity  in 

the   mucous    membrane   (fig.  \  C 

285).  The  eggs  pass  out  of  the 
host  with  the  faeces,  as  yet 
without  a  sign  of  beginning 
development,  which  only  takes 
place  after  a  prolonged  sojourn 
in  the  water  or  in  a  damp 
place.  According  to  the  ex- 
periments of  Leuckart  per- 
formed with  Tr.  affiiiis  of  the 
sheep  and  Tr.  crcitatus  of  the 
pig,  embryos  with  the  egg 
membranes,  if  introduced  into 
the  intestine,  develop  into  the 
adult  Tricoccphalv-'i ;  and  we 
may  therefore  conclude  that 
the  human  Tr.  disjjar  is  iuti'O- 
duced  directly,  and  without  an 
intermediate  host  either  in  the 
drinking  water  or  in  uncleaned 
food.  The  young  Tr.  (lis^iar 
is  at  first  hair-like,  and  re- 
sembles a  TricliiHa,  and  only 
gradually  acquires  the  considerable  thickness  of  the  hind  end  of  the  body. 

TrichosomuM  End.  Body  thin,  hair-like,  but  the  posterior  end  of  the  body 
in  the  female  is  swollen.  Lateral  lines  and  the  principal  median  lines  are 
present.  The  male  caudal  extremity  has  a  cutaneous  fold  and  a  simple  penis 
(spiculum)  and  sheath.  Tr.  muris  Creplin.,  in  the  large  intestine  of  the 
house-mouse.  Tr.  cras-slcmula  Bellingh.,  in  the  bladder  of  the  rat.  According 
to  Leuckart,  the  dwarfed  male  lives  in  the  uterus  of  the  female.  There  are 
usually  two  or  three,  more  rarely  four  or  five  males  in  a  single  female.  There 
is  also  a  second .  species  of  TrioJiosonmm  found  in  the  bladder  of  the  rat. 
Tr.  Hchmidtii  v.  Linst.,  the  larger  male  of  wliich  was  formerly  taken  for  that  of 
Tr.  crax.'iicatida. 

Trichbia  Owen.*    Body  thin,  hair-like.    Principal  median  lines  and  lateral 
*  Compare  the  ^v^itingsof  E.  Leuckart,  Zenker,  E.  Virchow,  Pagenstecher,  etc. 

23 


Fig.  285.  —Trichocephalus  diapar  (after  E.  Leuckart). 
a.  Egg  ;  b,  female ;  c,  male  witli  the  anterior  part  of 
the  body  buried  in  the  mucous  membrane;  Sp, 
spiculum. 


354 


NEMATILELMINTHES. 


lines  are  present.  The  female  generative  oi)eiiiiig  well  foi  ward.  The  posterior 
end  of  the  body  of  the  male  has  two  tei'niiiial  cones  between  which  the  cloaca  is 


'S'la.  286.- -  Trichina  spiralis,  a,  Matui-e  female  Trichina  from  the  alimentary  canal;  <?, 
genital  opening ;  JB,  embryos ;  Ov,  ovary.  6,  Male ;  T,  testis,  c.  Embryo,  d,  Embryo 
which  has  migrated  into  a  muscle  fibre,  already  considerably  enlarged,  e,  The  same 
developed  into  a  coiled  Muscle  Trichina,  and  encysted. 
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projected,    'fi:  spiralis  Owen,  in  the  alimentary  canal  of  Man  and  numerous, 
principally  carnivorous,  Mammalia  ;  hardly  two  lines  in  length.    The  viviparous 
females  begin  to  bring  forth  embryos  about  eight  days  after  their  migration 
into  the  alimentarj^  canal.    These  embryos  traverse  the  intestinal  walls  and 
body  cavity  of  the  host,  and  migrate,  partly  by  their  own  movements  in  the 
bundles  of  connective  tissue,  partly  with,  the  aid  of  the  currents  of  blood  into 
the  striped  muscles  of  the  body.    They  pierce  the  sarcolemma  and  penetrate 
into  the  primitive  bundles,  the  substance  of  which  degenerates,  the  degeneration 
being  accompanied  by  an  active 
multii)lication  of  the  nuclei.  In 
a  space  of  fourteen  days  they 
develop,  within  a  sac-like  swelling 
of  the  muscle  fibres,  into  spirally 
coiled  worms,  around  which  and 
within  the  sarcolemma  and  its 
connective  tissue  investment  a 
clear    citron-shaped    capsule  is 
excreted  from  the  degenerated 
muscle    substance.    The  young 
Muscle-Trichina  can  remain  liv- 
ing for  years  within  this  capsule, 
which  at  first  very  delicate,  gra- 
dually becomes  thickened  and 
hard  by  the  formation  of  other 
layers  and  by  the  gradual  deposi- 
tion of  calcareous  matter.    If  the 
encysted  animal  is  transferred 
into  the  intestine  of  some  warm- 
blooded animal  in  the  flesh  of  its 
first  host,  it  is  fi'eed  from  its  cyst 
by  the  action  of  the  gastric  juice, 
and  the  rudimentary  generative 
organs,  which  are  already  toler- 
ably far  developed,  quickly  attain 
maturity.    In  fi-om  three  to  four 
days  after  theii-  introduction  the 
asexual  Muscle-Trichinas  become 
sexual  Trichinas.   These  copulate 
and  produce  a  brood  of  embryos 
which  migrate  into  the  tissues  of 
the  host  (one  female  may  produce  ^^g-  287, 
as  many  as  1000  embryos)  (fig. 
286).   The  house  rat  is  especially 
to  be  mentioned  as  the  natural 
host   of    the   Trichina.  This 
animal  does  not  hesitate  to  eat  the  carcase  of  its  own  species,  and  so  the 
Trichina  infection  is  passed  on  from  generation  to  generation.    Carcases  in- 
fected with  Trichinas  are  sometimes  eaten  by  the  omnivorous  pig,  in  whose 
flesh  the  encysted  Trichinas  are  introduced  into  the  intestine  of 'man.  and 
occasion  the  well-known  disease,  Trichinosis,  which  when  the  migration  "takes 
place  in  number,  often  has  a  fatal  result. 
Fam.  Filariidae.   Body  filiform,  elongated,  often  with  six  oral  papilte  some-" 


■Filaria  medinengis  (after  Bastian  and 
Leuckart).  a,  Anterior  end  seen  from  the  oral  sur- 
face; O,  mouth;  P,  papiUa.  b,  Pregnant  female 
(size  redticed  more  than  half),  c.  Embryos 
strongly  mag-nifled. 
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times  with  a  horny  oral  capsule,  with  four  praianal  paii's  of  papillse,  tu  which 
an  uni)aired  papilla  may  be  acldecl,  with  two  unequal  spicula  or  with  simple 
spiculum. 

Filariu  0.  Vv.  Miill.    With  small  mouth  and  iiarrow  oesophagus.  This 
species,  which  is  sometimes  destitute  of  papillaj,  lives  outside  the  viscera, 
usually  in  connective  tissue,  frequently  beneath  the  skin  (divided  by  Diesing 
into  numerous  genera).    F.  (JJrain/ncidv.i')  mrdinenxiif*  Gmel.  the  Guinea 
worm,  in  the  subcutaneous  cellular  tissue  of  Man  in  the  Tropics  of  the  Old 
World,  rea,ches  a  length  of  two  feet  or  more.    The  head  is  ])rovided  with  two 
small  and  two  larger  papillns.    The  female  is  vivipai-ous,  and  without  sexual 
opening.    The  male  form  is  unknown.    The  worm  lives  in  the  connective 
tissue  between  the  muscles  and  beneath  the  skin,  and  after  reaching  sexual 
maturity,  occasions  the  formation  of  an  abscess,  with  the  contents  of  which 
the  embryos  escape  to  the  exterior  (fig.  287).     It  has  lately  been  proved 
(Fedschenko)  that  the  embryos  of  Filariu  migrate  into  a  Cj-'clops  and  there 
undergo  an  ecdysis.    Whether  they  are  then  (in  the  body  of  the  Cyclops) 
introduced  into  man  in  his  drinking  water,  or  whether  they  firet  escape  and 
copulate  in  a  free  state,  is  not  known.    F.  immitn  lives  in  the  right  ventricle 
of  the  dog,  and  is  very  abundant  in  East  Asia.    It  is  viviparous.  The 
embryos  pass  directly  into  the  blood,  where,  however,  they  do  not  undergo  their 
further  development.    iSimilar  young  Hsematozoa  are  also  found  in  the  blood 
of  man  iii  the  Tropics  of  the  New  and  Old  Worlds  {^F.  sanriitinia  Jwmijiix, 
F.  Baiicrofti).    Since  these  animals  are  also  found  in  the  urine,  their  appear- 
ance seems  to  have  an  etiological  connection  with  hasmaturia.    In  the  East 
Indies,  young  Filaria  also  live  in  the  blood  of  the  street  dog,  and  would  seem 
to  be  related  to  the  brood  of  Filaria  sa}if/umflle>da,  since,  according  to  Lewis, 
knotty  swellings  on  the  aorta  and  oesophagus  are  iiivariably  found  with  these 
Filaria.    F.  papMlom  Rud.  in  the  peritoneum  of  the  horse.    F.  loa  Guyot.,  in 
the  conjuntiva  of  negroes  on  the  Congo.    F.  labialis  Pane.    Only  once  observed 
at  Naples.    An  immature  Filaria  described  as  Filaria  lenPis  (^oculi  himani) 
has  been  found  in  the  human  capsula  leutis. 

Fam.  Mermithidae.  Aproctous  Nematodes,  with  very  long  filiform  body,  and 
six  oral  papillfe.  The  male  caudal  region  is  broad,  and  is  provided  with  two 
spicula  and  three  rows  of  numerous  papilliB.  They  live  in  the  body  cavity  of 
insects,  and  escape  into  the  damp  earth,  where  they  attain  sexual  maturity 
and  copulate.  Ifcrmin  nlgrescens  Duj.,  was  the  occasion  of  the  fable  of  the 
rain  worm.    31.  alhicans  v.  Sieb.  v.  Siebold  established  by  experiment  the 

migration  of  the  embryos  into  the  caterpillars  of  Tinea  evonymdla.  Sphcerularin 

ioinM  Leon  Duf. 

Fam.  Gordiidse.  Body  elongated  and  filiform.  Without  oral  papillte  and  lateral 
lines,  with  a  ventral  cord.  The  mouth  and  anterior  region  of  the  alimentaiy 
canal  is  obliterated  in  the  adult  state.  The  testes  and  ovaries  are  paired  and 
open  to  the  exterior  with  the  anus  near  the  hind  end  of  the  body.  Uterus 
unpaired,  with  receptaculum  seminis.  The  male  caudal  region  is  forked,  and  is 
destitute  of  spicula.  In  the  young  stage  they  live  in  the  body  cavity  of  predatory 
insects,  and  are  provided  with  a  mouth.  At  the  pairing  time  they  pass  into  the 
water,  where  they  become  sexually  mature.  The  embryos,  which  are  provided 
with  a  circle  of  spines,  bore  through  the  egg-membranes  and  migrate  into 
Insect  larvae  {Chironomm-larva;   F2)ltcmeri(lce),   and  there  encyst.  Water 

*  Compare  H.  C.  Bastian,  "On  the  Structure  and  Nature  of  the  Dracunculus," 
Tram.  Linn.  Society,  vol.  xxiv.,  1863.    Fedschenko  I.  c. 
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beetles  and  other  aquatic  predatory  insects  eat  with  the  flesh  of  the  Epiiemerid 
laj-vfP  the  encysted  young  forms,  which  then  develop  in  the  body  cavity  of 
their  new  and  larger  host  to  J'oung  Gorcliida;.    Gord  'ms  atpiaticns  Dvj. 

Fani.  Angttillulidee.*  Free  living  Nematodes  of  small  size.  Caudal 
glands  are  sometimes  present.  The  lateral  canals  are  often  replaced  by  the 
so-called  ventral  glands.  Some  species  eithei-  live  on  or  are  parasitic  in  plants  ; 
others  live  in  fermenting  or  decaying  matter.  The  greater  number,  however, 
Uve  fi-ee  in  earth  or  water.  TylcncJms  Bast.  Buccal  cavity  small,  and  con- 
taining a  small  spine.  The  female  genital  opening  lies  far  back.  T.  scandens 
Sc\m.  =  tritiei  Ncedham,  in  mildewed  wheat  grains.  When  the  grains  of  wheat 
fall  the  dried  embryos  grow  in  the  damp  earth,  bore  through  the  softened 
membranes,  and  make  their  way  on  to  the  growing  wheat  plant.  Here  they 
remain  some  time,  perhaps  a  whole  winter  without  alteration,  until  the  ears 
begin  to  be  formed.  They  then  pass  into  the  latter,  grow,  and  become 
sexually  mature,  while  the  ear  is  ripening.  They  copulate  and  deposit  their 
eggs,  from  which  the  embryos  creep  out,  and  at  length  constitute  the  sole  con- 
tents of  the  wheat  grains.  T.  dijjsaci  Kuhn,  in  heads  of  thistles  (Cardius) 
T.  Damitiii  Bast,  on  roots  of  moss  and  grass.  Heterodera  ScMclitii  Schmidt. , 
roots  of  the  beet-root,  also  of  the  cabbage,  of  wheat,  barley,  etc.  Rhaiditis 
Duj.,  divided  by  Schneider  into  Lcj)todcra  Duj.  and  Pelodera  Schn.  Rh. 
iieHlis  Duj.,  head  very  sharply  pointed,  mouth  with  two  lips,  in  the  saKvary' 
glands  of  Limax  cinereus.  Rli.  anf/iostoma  Bnj.  RJi.  apj^endicvlata  Schn., 
in  damp  earth,  3  mm.  long.  The  larva,  which  is  without  a  mouth,  and  has  two 
caudal  bands,  is  found  in  Arion  empiricorwni.  AngniUula  aceti  =  ghitinis 
0.  Fr.  Miill..  known  as  the  vinegar  worm  and  pasteworm,  1  to  2  mm.  long. 

Of  the  many  marine  AngtiilluUdcs  {Enoflldce),  we  must  mention  Bory- 
lalmm  maximm  Biitschli,  D.  stafjnaUs  Duj.,  found  in  mud  everywhere  in 
Europe.    Enclielklmm  marinwn  Ehrbg.,  Enoplus  tr'ulentatm  Duj. 

The  abberant  families  Dcsmoscolccklce  and  Clientosomidm  are  allied  to  the 
Kcniatoda. 


The  Ch^tognatha, 

The  Chcetognatha,  f  containing  only  the  genus  Sagitta,  are  allied 
to  the  Nematodes.  •  They  are  elongated  ronnd  worms,  with  a  pecu- 
liarly armed  mouth  and  laterally  placed  horizontal  fins,  the  mem- 
branous edges  of  which  are  supported  by  rays.  The  anterior 
portion  of  the  body  is  sharply  separated  ofi"  as  a  head,  and  bears  in 

*  Davaine,  '•  Eecherches  sur  I'Anguilliile  du  bl6  nielle,"  Paris,  1857.  Kiihn, 
"  Ueber  das  Vorkommen  von  Anguillulcn  in  erkrankten  Bliithenkopfen  von 
Dipsacus  fuUonum,"  Zcltschr.  f  ur  wiss  Zool.,  Tom  IX.,  18.59.  Bastian,  "  Mono- 
graph of  the  AnguillulidEe  or  free  Nematoids,  marine,  land,  and  fresh  water," 
London,  186-i.  0.  Biitschli,  "  Beitrage  zm-  Kentniss  der  freilebenden  Nema- 
toden,"  Nov.  Acta,  Tom  XXXVL.  lS73.  Lad.  Oeiiey,  "Monographic  der 
Anguilluliden,-'  Buda-Pest.,  18H0. 

f  Compare  A.  Krohn,  "  Anatomisch-physiologische  Beobachtungen  iiber  die 
Sagitta  bi punctata,  '  Hamburg.  18-14.  R.  Wilms,  "  De  Sagitta  mare  germani- 
cum  circa  iusulam  Helgoland  incolente,"  Beroliui.  1846.  Kowalevski,  "  Em- 
brj'ologische  Studien  an  Wurmern  und  Arthropoden,"  Mem.  de  VAead. 
St.  Peter. ^hourg,  Tom  XVI.  0.  Hertwig,  '•  Die  Chtetognatha,  cine  Mono- 
graphic," Jena, 1880. 
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the  region  of  tlie  mouth  two  lateral  groups  of  hooks  which  function 

as  jaws. 

The  nervous  system  consists,  according 
to  Krohn,  of  a  cerebral  ganglion  on 
which  the  eyes  are  situated,  and  a  ven- 
tral ganglion  placed  in  about  the  middle 
of  the  body  length.  There  are  in  addition 
two  ganglia  near  the  mouth,  which  may 
be  considered  as  the  subcesophageal  gan- 
glia, a,nd  are  connected  witli  each  other 
and  with  the  cephalic  ganglion  by  oeso- 
phageal commissures. 


Ot 
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Fig.  288— Sagitta  (Spadella) 
cephaloptera,  magnified  30 
times,  viewed  from  the  dorsal 
side  (after  O.  Hertwig).  F, 
posterior  fin ;  G,  supra- 
oesophageal  ganglion ;  2V,  ten- 

.  tacles;  R,  olfactory  organs; 
Ov,  ovary;  Od,  oviduct;  T, 
testis;  Vd,  vas  deferens;  Sb^ 
vesicula  seminalis. 


[The  common  view  now  is  that  the  large 
ventral  ganglion  of  the  middle  of  the  body, 
which  is  connected  with  the  cerebral  by  com- 
miss?urcs,  is  homologous  with  the  subcesophageal 
ganglia  of  other  types.] 

The  straight  alimentary  canal  is  at- 
tached to  the  body  wall  by  a  dorsal  and 
ventral  mesentery  from  the  oesophagus 
backwards,  and  opens  to  the  exterior  at 
the  base  of  the  long  tail,  which  terminates 
in  a  horizontal  fin  (fig,  288). 

[The  body  cavity  is  well  developed,  and 
divided  by  the  dorsal  and  ventral  mesenteries  into 
two  parts,  and  agaiii  by  two  transverse  verti- 
cal septa  into  a  cephalic  section,  a  section  in 
the  body,  and  finally  a  caudal  section.  Vas- 
cular and  excretory  organs  are  absent.] 

Reproduction.  The  Chcetognatha  are 
hermaphrodite,  and  possess  paii-ed  ovaries, 
which  open  by  two  apertures  at  the  base 
of  the  tail  and  are  connected  with 
seminal  pouches.  The  testes  also  are 
paired,  and  situated  posteriorly  to  the 
ovaries  in  the  tail;  their  products  pass  to 
the  exterior  by  openings  at  the  sides  of 
the  tail.  Segmentation  is  complete,  and 
leads  to  the  formation  of  a  blastospheie. 
One  side  of  this  becomes  invaginated  so 
that  the  segmentation  cavity  is  obliterated 
and  a  gastrula  is  formed,  in  the  entoderm 
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of  which  two  cells  may  already  be  recognised  as  primitive  generative 
cells.  As  soon  as  these  make  their  appearance  in  the  entoderm,  the 
lattei-  becomes  folded  in  such  a  way  that  the  archenteron  is  divided  into 
a  median  and  two  lateral  cavities.  The  layer  of  ceUs  lining  the  lateral 
cavities  becomes  the  mesoderm,  and  the  contained  cavities  the  two 
lateral  compartments  of  the  body  cavity,  Avhile  that  of  the  middle 
cavity  gives  rise  to  the  wall  of  the  mesenteron  or  alimentary  canal. 
The  permanent  mouth  is  formed  at  the  end  opposite  to  that  at 
which  the  blastopore,  which  is  now  closed,  was  situated. 

There  is  but  one  genus,  Sagitta  Slab.,  of  which  several  species,  e.g., 
Sagitta  Mjnmctata  Krohn,  S.  germanica  Lkt.  Pag.  from  the  Euro- 
pean seas  have  been  more  accurately  described. 

Orde7-  2. — Acanthocephala.* 

Elongated  round  loorms  with  jjrotrusible  2>'>'ohoscis  furnished  with 
hooks ;  without  mouth  and  alimentary  canal. 

The  saccular,  often  transversely  wrinkled  body  begins  with 
a  proboscis,  which  is  furnished  with  recurved  hooks  and  can  be 
retracted  into  a  tube  projecting  into  the  body 
cavity  (sheath  of  the  proboscis)  (fig.  289,  R  and 
Rs).  The  posterior  end  of  this  sheath  is  fas- 
tened to  the  body  wall  by  a  ligament,  and  by 
retractor  muscles.  The  nervous  system  (fig.  289, 
G)  is  placed  at  the  base  of  the  proboscis,  and 
consists  of  a  simple  ganglion  formed  of  large 
cells.  Nerves  are  given  off  from  the  ganglion 
anteriorly  to  the  proboscis,  and  through  the 
lateral  retractors  (^retinacida)  to  the  body  wall 
(fig.  289,  R).  The  latter  supply  partly  the 
muscular  system  of  the  body,  and  partly  the 
genital  apparatus,  in  which  there  are,  princi- 
pally in  the  male  animal,  special  nerve  centres   Fig.  289— Anterior  part. 

consisting  of  ganglionic  enlargements.  °*  ^r,  Echinorhyncht,.. 

o  _  o     _  R,    Proboscis ;  Ms, 

Sense  organs  are  entirely  wanting,  as  also  are  sheath  of  proboscis ; 
mouth,  alimentary  canal,  and  anus.  ganglion ;  Le,  lem. 

'  _  _  '  msci ;  R,  retinacnla. 

The  nutritive  juices  are  taken  in  through  the 
whole  outer  surface  of  the  body.    In  the  soft  granular  subcuticular 

*  Besides  Dujardin,  Diesing,  1.  c.,  compare  :  R.  Leuckart,  "  Parasiten  des 
Mensnhen,"  Tom  II.,  1876.  GvecfE,  "  Untei-suchungen  iiber  Echinorhynchtis 
miliaris,"  Arch,  fiir  NaturgeHoh,  1864.  A  .Schneider,  "  Ueber  den  Ban  der 
Acaiithocephalen,"  Milller'n  ArnJdv.,  1868.  Also  the  Sitzungsherichtc  der 
Oherhessiwhen  GesdUohaft  fiir  Natur-  nnd  Heillamdc,  1871. 
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layer  of  the  integument  lies  a  complicated  system  of  canals,  filled  with 
a  clear  fluid  containing  granules.  Beneath  the  internal  layer  of  the 
integument,  which  layer  is  often  very  extensive  and  of  a  yellow 
colour,  is  placed  the  powerful  muscular  tunic ;  it  is  composed  of 
external  transverse  and  internal  longitudinal  fibres,  and  bounds  the 
body  cavity.  The  complicated  x-amified  system  of  dermal  canals,  of 
which  two  principal  longitu- 
dinal trunks  may  be  recog- 
nised, is  filled  with  juices, 
and  probably  functions  as  a 
nutritive  apparatus.  The 
portion  of  this  system  which 
extends  into  two  bodies  (the 
lemnisci,  fig.  289,  Le)  project- 
ing behind  the  proboscis 
through  the  muscular  tunic 
into  the  body  cavity,  probably 
acts  as  an  excretory  organ, 
since  the  contents  of  the  fre- 
quently anastomising  canals 
of  these  lemnisci  is  usually 
of  a  brown  colour,  and  consists 
of  a  cellular  mass  rich  in 
concretions.  According  to 
Schneider,  the  vessels  of  the 
lemnisci  open  into  a  circular 
vessel  in  the  integviment,  and 
only  communicate  with  the 
network  of  canals  in  the 
cephalic  region,  while  the 
other  dermal  vessels  (nutritive 
apparatus),  the  contents  of 
which  differs  from  that  of  the 
vessels  of  the  lemnisci,  are  com- 
pletely shut  off  from  the  latter. 

Generative  organs.  The 
body  cavity  through  which 
fluids  circulate  encloses  the 
greatly  developed  generative 
organs,  which  are  attached 
to  the  end  of  the  sheath  of  the  proboscis  by  a  ligament  (figs.  290 


Fig.  290.— Male  of  Echi- 
norhyiKnis  angustatus 
(after  E.  Leuckart) . 
a,  iDroboscis  ;  Us, 
slieath  of  the  probos- 
cis ;  Li,  ligament ; 
Gr,  ganglion ;  Le,  lem- 
nisci ;  T,  testes ;  Td, 
vasa  deferentia;  Pr, 
prostatic  sacs ;  De, 
ductus  ejaculatorius ; 
P,  penis  ;  B,  retracted 
bursa. 


Fig.  291.  —  Generative 
ducts  of  a  female 
Mchinorhynchus  gigas 
(after  A.  Andres).  Li, 
ligament ;  F,  d  i  s  c- 
shaped  flocculi;  F',  F", 
appendages  of  the 
same;  U,  uterus;  I', 
vagina ;  B,  lateral 
pouches  of  the  bell ; 
Gd,  dorsal  cells  at  the 
base  of  the  bell ;  01, 
lateral  cells. 
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Fig.  292.— Embryo  of  Eehin- 
orhynehiia  gigax  enclosed  in 
the  egg  membranes  (after 
Leuckart) . 


and  291,  Li).  The  sexes  are  separate.  The  male  (fig.  290)  has  two 
testes  (T),  and  the  same  number  of  efferent  ducts  {Vd).  The  latter 
unite  behind  to  form  a  ductus  ejaculatorius  (De),  which  is  often  fur 
nished  with  six  or  eight  glandular  sacs  (Pr),  and  a  conical  penis  (P), 
at  the  bottom  of  a  bell-shaped  protrusible  biu-sa  {B),  situated  at  the 
posterior  pole  of  the  body  (fig.  290).  The  generative  organs  of  the 
larger  females  (fig.  291)  consist  of  the  ovary 
developed  in  the  ligament ;  of  a  complicated 
uterine  bell,  beginning  -with  a  free  opening 
iato  the  body  cavity  ;  of  the  oviduct  and  the 
short  vagina,  which  is  divided  into  several 
portions  and  opens  at  the  posterior  end  of 
the  body  (fig.  291).  It  is  only  in  the  young 
stage  that  the  ovary  is  a  simple  body  en- 
closed by  the  membrane  of  the  above-men- 
tioned ligament.  As  the  animal  increases  in 
size,  the  ovary  grows,  and  becomes  di%'ided 
into  numerous  spherical  masses  of  eggs,  the 
pressure  of  which  bursts  the  membrane  of  the  ligament ;  the  masses 
of  ova  as  well  as  the  ripe  elliptical  eggs,  which  gradually  become  free 
from  them,  fall  into  the  body  cavity.    The  egg  membranes  are  not 

formed  till 
after  seg- 
mentation, 
and  ought 
perhapsto  be 
interpre  ted 
as  embryo- 
nic mem- 
branes. The 
eggs,  which 
already  con- 
tain em- 
bryos, pass 
out  of  the 
body  cavity 
into  the 

Fig.  293. — Larvse  of  Echinorhgnchus  profeus  from   Gammariis  (after 
Leuckart).  a,  Free  embryo  ;  Ek,  embryonic  nucleus,    b,  Older  stage,      uterine  bell, 
with  more  differentiated  embryonic  nucleus,  e,  Young  female  worm  ;      which  is 
Ov,  ovary,   d,  A  young  male  worm ;  T,  testes ;  Le,  lenmisci. 

continually 

dilating  and  contracting,  thence  into  the  o\dduct,  and  through  the 
genital  opening  to  the  exterior. 
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Development.  Segmentation  is  irregular  and  complete,  and  results 
in  the  formation  of  an  embryo,  which  is  enclosed  in  three  egg-mem- 
bi-anes.  The  embryo  has  a  small,  somewhat  long  body,  ai-med  with 
small  spines  at  the  anterior  pole,  and  containing  a  central  granular 
mass  (embryonic  nucleus)  (fig.  292).  It  passes  into  the  intestine  of  Am- 
phipqds  [Ech.  proteus,  j)olymor2^1mH),  or  of  Isopods  (/iWi.  anymtatus), 
and  there  becomes  free,  bores  through  the  wall  of  the  intestine,  and 
after  losing  the  embryonic  spines,  develops  to  a  small  elongated  larva, 
Avhich,  like  a  pupa,  lies  in  the  body  cavity  of  the  small  Crustacean 
with  its  proboscis  retracted  and  surrounded  by  its  firm  external 
skin  as  by  a  cyst  (fig.  293).  The  skin  of  the  larva  gives  rise  only 
to  the  integument,  the  vessels  and  the  lemnisci  of  the  adult ;  while 
all  the  other  organs  enclosed  within  the  dermal  muscular  envelope, 
viz.,  the  nervous  system,  the  sheath  of  the  proboscis,  and  the  gene- 
rative organs,  are  developed  from  the  so-called  embryonic  nucleus. 
It  is  only  after  their  introduction  into  the  intestine  of  fishes  [Ech. 
lyrotms)  or  of  aquatic  birds  {Ech.  polymorphus),  which  feed  on  these 
Co'ustacea,  that  the  larvte  attain  to  sexvial  maturity,  copulate,  and 
i-each  their  full  size. 

The  numerous  species  of  the  genus  Echbuirlujncna  0.  F.  Miiller  live  prin- 
cipally in  the  alimentary  canal  of  different  Vertebrata  ;  the  gut  wall  may  be 
as  it  were  sown  with  these  animals.  Ecli.  pohjmorplms  Brems.,  in  the  intestine 
of  the  duck  and  other  birds,  aho  in  the  crayfish.  Ecli.  protem  Westrumb., 
Ech.  amjuntatun  Rud„  in  fi-esh-water  fish.  Ecli.  gujas  Goeze,  as  large  as  an 
Ascaru  hmhricoides,  in  the  small  intestine  of  the  pig.  According  t  i 
A.  Schneider,  the  embryo  completes  its  development  in  the  maggot. 
Lambl  found  a  small  sexually  immature  Echinorhynchus  in  the  small  intestine 
of  a  child  which  died  of  leukgemia. 

CLASS  III.— ANNBIJDA. 

Segmented  Vermes  with  brain,  circum-o&sophageal  ring,  ventral  nerve 
cord,  and  vascular  system. 

The  larva  of  Loven  and  its  development  seems  to  throw  light 
upon  the  organization  of  the  Annelidci  and  their  relations  to  the 
lower  worms  and  to  the  Rotifer  a ;  and  further  makes  evident  the 
relationship  of  the  Annelida  to  the  Gephyrea,  a  group  of  worms 
which  possess  an  elongated  body  devoid  alike  of  external  and 
internal  segmentation,  and,  as  an  equivalent  of  the  ganglionic  chain, 
a  ventral  nerve  trunk,  which  is  usually  uniformly  covered  -vntli 
ganglion  cells. 

The  body  of  Lov6n's  larva,  from  which  we  must  derive  the  bod} 
of  Annelids,  is  unsegmented,  and  represents  mainly  the  Annelid  head. 
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Behind  it  is  continued  into  an  indifferent  terminal  portion  equivalent 
to  the  whole  body  of  the  adult. 

At  the  apical  region  of  the  larva  (fig.  294,  Sp)  there  is  a 
thickening  of  the  ectoderm,  which  is  called  the  apical  plate.  This 
i-epresents  the  rudiment  of  the  cerebral  ganglion  (apical  ganglion), 
and  gives  off  nerves  to  either  side.    The  wide  mouth  (0)  has  a 


e  HWK 


Fig.  294.— Development  of  Pnlygordius  (after  B.  Hatsclaek).  a,  Toung  larva ;  Sp,  apical 
plate  with  pigment  spot ;  Frw,  pra-oral  circle  of  cilia ;  O,  mouth ;  Bow,  post-oral  circle 
of  cilia;  A,  anus;  M^,  mesoderm;  KN,  head  kidney.  6,  Older  larva  with  commencino; 
segmentation  of  the  body,  a  second  limb  is  developed  in  the  head  kidney,  c,  Older  stage. 
The  body  is  elongated  to  the  fonn  of  a  wonn,  and  divided  into  a  number  of  metameres  ; 
HWk,  posterior  circle  of  cilia;  Af,  eye  spot;  F,  tentacle. 

ventral  position,  and  leads  into  an  alimentary  canal,  which  opens 
at  the  posterior  end  of  the  body  {A).  In  front  of  the  mouth  there 
is  a  strongly  developed  circle  (prteoral)  of  cilia  {Prw) ;  and  behind 
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the  moiith  a  Aveaker  (postoral)  circle  {Pow)  ■  to  the  right  and  left 
there  is  an  excretory  canal  (head  kidney),  whicli  Ijegins  with  a 
ciliated  funnel.  By  the  differentiiition  of  the  cephalic  region  of  the 
larva  into  prasstoinial  lobe  and  oral  segment,  and  by  the  gi-adual 
growth  in  length  of  the  posterior  part   of  the   body  and  the 

segmentation  of  the  latter  into  a  numljer 
of  successive  metameres,  the  originally  un- 
segmented  larva  is  transformed  into  an 
Annelid  (fig.  294,  a—d).  There  is,  therefore, 
between  the  segmented  adult  and  the  larva 
a  morphological  relation  sunilar  to  that  be- 
tween the  cestoid  and  the  simple  scolex,  from 
the  posterior  end  of  which  the  proglottides 
are  developed. 

The  body  of  the  Annelida  is  sometimes 
flattened,  sometimes  completely  rounded  and 
cylindrical.  It  is  composed  of  a  number  of 
successive  segments,  which  are  usually  sepa- 
rated from  each  other  externally  by  trans- 
verse constrictions.  The  segmentation  is 
generally  homonomous,  in  that  the  segments 
following  the  head  resemble  each  other  not 
only  in  external  appearance,  but  also  in 
internal  structure,  i.e.,  they  repeat  similar 
sections  of  the  internal  organization.  The 
terminal  segment  with  the  anus,  however, 
has  a  special  structure  inasmuch  as  it 
retains  the  primitive,  more  indifferent  char- 
acter of  the  posterior  end  of  the  body  of 
the  larva,  and  diiring  the  development  of 
the  worm  gives  origin  to  new  segments 
anterior  to  itself.  The  homonomy  of  the 
preceding  segments  of  the  body  is,  how- 
ever, never  complete,  since  certain  organs 
are  confined  to  definite  segments.  The 
internal  segments,  which  are  separated  by 
dissejnments,  either  correspond  with  the 
external  segmentation  as  marked  by  the 
annular  constrictions  of  the  integument 
{Chcetopoda),  or  each  internal  segment  corresponds  to  a  definite 
number  (3,  4,  5,  etc.)  of  the  external  rings  {Hh-udinea). 


Fia.  294,  tZ.  — The  young 
Polygordius ;  G,  cerebral 
ganglion ;  Wg,  ciliated 
pit ;  D,  alimentary  canal. 
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Organs  of  locomotion.  Special  organs  of  locomotion  may  either 
have  the  form  of  bristle-bearing  unjointecl  appendages  (parapodia) 
on  each  ring  of  the  body  {ChcatojMcla),  or  of  terminal  suckers 
{Hiricclmea).  In  the  first  case  each  segment  may  possess  a  dorsal 
and  ventral  pair  of  appendages  (the  neicropodia  and  not023odia), 
which,  however,  are  sometimes  replaced  by  simple  seta3  embedded 
in  dermal  pits. 

Alimentary  canal.  The  month  is  placed  on  the  ventral  surface 
at  the  anterior  end  of  the  body,  and  leads  into  a  muscular  pharynx, 
which  is  often  provided  with  a  powerful  armature  and  can  be 
protruded  like  a  proboscis.  This  is  followed  by  the  gastric  region 
of  the  gut,  which  occupies  the  greatest  portion  of  the  length  of  the 
body,  and  is  either  regiilarly  constricted  in  coi-respondence  with  the 
segments,  or  possesses  lateral  diverticula  ;  it  is  only  coiled  in  excep- 
tional cases.  The  amis  is  usually 
dorsal  at  the  hinder  end  of  the 
body. 

The  nervous  system  consists  of 
a    cerebral    or    supra  -  oesophageal 
ganglion,  which  is  derived  from  the 
apical  plate  of  the  larval  prse-oral 
lobe,  of  an  oesophageal  ring,  and  of 
a  ventral  cord  or  ganglionic  chain, 
the  two  halves  of  which  lie  more 
or  less  approached  to  each  other  in 
the  median  line.    The  venti-al  cord 
arises  from  two  lateral  nerve  cords, 
which  probably  correspond  to  the 
latei'al   nerve  trunks  of   the  Ne- 
mertines.     These  two  cords  are  continuous  with  the  cesophageal 
commissures,  and,  like  the  latter,    are   uniformly   covered  with 
ganglionic  cells.     This  form  of  the  nervous  system  may  persist, 
as  may  also  its  ectodermal  position  (Archiannelida,  Protodrilus) 
(fig.  295).    In  most  Annelida,  however,  this  is  only  a  transitory 
condition  J  for  at  a  later  stage  the  lateral  cords  become  separated 
from  the  ectoderm,  come  together  in  the  median  line,  and  acquii-e 
a  segmentation  corresponding  to  the  metameres  of  the  body.  The 
nerves  of  the  sense  organs  arise  from  the  cerebral  ganglion ;  the 
other  nerves  pass  out  from  the  parts  of  the  ventral  cord  or,  as 
the  case  may  be,  from  the  ganglia  of  the  ventral  chain  and  from 
the  longitudinal  commissures  between   the  latter.     There  is  in 


Fig.  295. — Transverse  section  through 
the  body  of  Protodrilus  (after  B.  Hat- 
schek).  S  S,  The  two  lateral  trunks  of 
the  nervous  system;  G,  ganglionic 
layer  of  the  same ;  D,  alimentary 
canal ;  iV,  nephridium  ;  M,  muscles  ; 
Ov,  ova. 
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almost  all  oases  a  visceral  nervous  system  {sympathetic).  . 
following  sense  organs  are  found:  paired  eye  spots  vvdth  refraeti.,- 
structures,  or  largei-  more  complicated  eyes;  also  auditory  vesicles 
upon  the  oesophageal  ring  (lirancliiate  worms),  and  tactile  organs 
The  latter  have,  hi  the  Ghaitopoda,  the  form  of  tentacles  and  tentacular 
cirri  on  the  head  and  of  cirri  on  the  parapodia.  When  tentacle^ 
and  cirri  are  absent,  the  anterior  end  of  the  body  and  the  region  ..i 
the  mouth  seem  to  function  as  tactile  organs. 

Vascular  system.  A  blood  vascular  sy.stem  is  very  commonly 
present;  in  many  cases,  however,  it  seems  not  to  be  complete]}- 
closed,  but  to  communicate  with  the  body  cavity,  which  contain! 
blood.  Two  main  vascular  trunks,  a  dorsal  and  a  ventral,  connected 
with  one  another  by  numerous  transverse  anastomoses,  are  generally 
present.  The  blood  is  usually  coloured  (green  or  red),  and  its  cir- 
culation is  effected  by  the  contractility  of  the  walls  of  certain  vessels : 
sometimes  the  dorsal  vessel,  sometimes  the  ventral,  and  sometimes 
the  transverse  connecting  vessels  are  contractile.  Lateral  longi- 
tudinal vessels  are  often  present  in  addition  to  the  above.  In  the 
Hirudinea  these,  as  well  as  the  median  contractile  blood  sinus,  are 
probably  to  be  regarded  as  isolated  parts  of  the  body  cavity. 

Special  respiratory  organs  are  found  amongst  the  Chcetopoda  in 
the  branchiate  worms. 

The  excretory  organs,  corresponding  to  the  water-vascular  or 
excretory  system  of  the  Platyhelminthes,  have  the  form  of  coiled 
canals  (segmental  organs  or  nephridia),  which  are  repeated  in  pair.- 
in  each  segment.  Each  nephridium  usually  begins  with  a  ciliated, 
funnel-shaped  opening  into  the  body  cavity,  and  opens  to  the  exterior 
by  a  lateral  pore  (fig.  70).  These  may  assume  in  certain  segments 
the  function  of  generative  ducts,  e.g.,  the  nephridia  of  the  Gepliyrea, 
which,  however,  are  much  reduced  in  number.  In  the  cephahc 
segment  or  head  there  is  also  a  segmental  organ  (head  kidney), 
which  in  the  larva  functions  as  a  kidney  and  later  disappears. 

Reproduction. — Considering  the  independence  of  the  segments,  to 
which  we  ascribe  the  value  of  a  subordinate  (morphological)  inch- 
viduality,  the  occurrence  of  asexual  reproduction  by  fission  and 
gemmation  in  the  long  axis  {Chcetopoda)  is  not  surprising.  Nume- 
rous Annelida  {Oligochaita,  Hirudinea)  are  hermaphrodite ;  the 
marine  Chcetopoda,  on  the  contrary,  are  for  the  most  part  of  sepai'ate 
sexes.  Many  lay  then-  eggs  in  special  sacs  and  cocoons,  in  which 
case  development  is  direct,  without  metamorphosis.  The  marine 
worms,  on   the   contrary,  undergo  a  more   or   less  compliciited 
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metamorphosis.  The  Annelida  comprise  terrestrial  and  aquatic 
animals,  and  they  eat,  for  the  most  part,  animal  food.  Many  of 
them  [Hiruclinea)  ai-e  occasionally  parasitic. 

In  the  group  of  the  Annelida  three  principal  divisions  may  be 
distinguished, — the  Clicntopoda,  the  unsegmented 
Gejihyrea,  and  the  Hirudinea  which  are  adapted 
for  parasitism.  The  Hirudinea  are  not  in  any 
degree  to  be  regarded  as  Annelida  of  a  lower 
grade  of  organization,  but  they  rather  present, 
at  least  in  the  case  of  some  organs,  as  alimen- 
tary canal,  circulatoiy  and  generative  organs, 
a  more  comphcated  structure,  and  agree  most 
closely  vdih.  the  Oligochseta,  from  which  they 
may  be  deiived. 

Sub-class  1. — Ch^topoda.* 

Free  living  Annelida,  with  joairecZ  tufts  of 
setce  on  the  segments,  frequently  with  distinct 
head,  also  with  tentacles,  cirri,  and  branchice. 

The  Chjetopoda  are  divided  externally  into 
segments,  which  cori'espond  with  the  metameres 
of  the  internal  organs,  and  are,  with  the  excep- 
tion of  the  anterior  region,  which  is  .distinguished 
as  the  head,  usually  tolerably  alike  (fig.  296). 
with  setas  are  very  frequently  present  on  the  segments ;  their  prin 

cipal  function  is  that  of 
locomotion,  but  their  va- 
rious appendages,  the 
branchice  and  cirrz,  also 
discharge  tactile  and  respi- 
f —  ratory  functions  (fig.  297). 

*  Besides  the  older  works 
of  Savigny,  Audomn  et  Milne 


Edwards,  and  Quatrefages, 
compare  E.  Grube,  "  Die  Fami- 
lien  der  Auneliden,"  ArcMv 
fur  JVatnrgesclt,  1850  and  1851. 
E.  ClaparMe,  "  Rechevclies 
anatomique  sur  les  Ann61ides, 
etc.,"  Geneve,  1861.  E.  Cla- 
parMe,  "  Les  Amielides  cheto- 
podes  du   golfe  de  Naples." 

,       .  ,o-n      ■■         ,  Geneve  et  Bale,  1868.  also  Sup- 

plement, 18/0,  and  "Eecherches  sui-  la  structure  des  Annelides  sedentaircs," 
Geneve,  1873.    Fr.  Leydig,  1.  c,  also    Tafelu  zur  vergl.  Anatomie,"  1864 


Fl&.  296.— ffraitfff  fusi- 
fera    (after  Quatre- 
fages). Ph.  pharynx 
-D,  alimentary  canal ; 
C,  cirri;  F,  tentacles. 

Parapodia  provided 


Pis.  297.— Dorsal  (BP)  and  ventral  (FP)  Para- 
podium  with  bundles  of  setaj  of  Nereis  (after 
Quatrefages).  Ac,  Aciculum  ;  Mc,  dorsal  ciiTus  ; 
Sc,  ventral  cirrus. 
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Tlie  form  of  the  movable  setae  varies  extremely,  and  affords  a  good 
character  for  the  classification  of  families  and  genera.  According 
to  the  strength,  form,  and  mode  of  ending  (fig.  298),  the  following 


a,  i\c  d        e       /  ^^ff 

Fig  298. — Setffi  of  different  Foh/chceta  (after  Malmgren  and  Claparede).  a,  Hooked  seta  of 
Sabella  crassicoruis  ;  h,  of  Terehella  BanieUseni ;  c,  seta  with  piral  ridge  from  iS^AeneZai*  ; 
d,  lance-shaped  seta  of  PhyllochiEtopterus ;  e,  of  Sabella  crassieornis ;  f,  of  Sabella  pavonit ; 
g,  Composite  sickle-shaped  seta  of  Nereis  cultrifera. 

forms  can  be  distinguished  :  hair-setae,  hooked-setae,  fiat-setae  {jxdeoi), 
lance-setae,  sickle-shaped  setae,  etc.   When  the  parapodia  and  their 

appendages  are  com- 
pletely wanting,  the 
setae  are  embedded  in 
pits  in  the  integument, 
and  are  arranged  either 
in  one  or  two  rows  on 
either  side,  that  is,  in  a 
lateral  ventral  row  on 
either  side,  or  in  a  ven- 
tral row  and  a  dorsal 
row  on  either  side.  In 
such  cases  the  number 
of  setae  is  small  {Oligo- 
chceta).  The  setae  may, 
on  the  contrary,  be  pre- 
sent in  great  number, 
so  that  the  integument 
on  either  side  seems  to 
be  covei'ed  with  long  hairs  and  setae,  and  a  thick  felt  of  hairs 
shining  with  a  metallic  lustre  is  distributed  over  the  whole  dorsal 


Fig.  299. — Anterior  end  of  Folynoe  extenuata,  the  first 
elytron  on  the  left  hand  being  removed  (after  Cla- 
pai-ede).  The  two  seta  of  the  oral  segment  are  visible ; 
El,  Elytra. 


CH.Il'rOPODA. 


369 


surface  {A'phrodite).  The  appendages  of  the  parapodia  present 
an  equally  great  variety  of  form  and  not  unfrequently  vaiy  in  the 
tlifterent  parts  of  the  body.  They  are  either  simple  or  ringed  tenta- 
cle-like processes,  the  cviTi,  which  are  disting-uishable  into  dorsal  and 
\-entral  cirri.  The  cirri  are  for  the  most  part  filiform,  and  sometimes 
jointed  or  conical,  and  then  are  often  provided  with  a  special  basal 
joint.  In  some  cases  the  dorsal  cii-ri  are  flattened  out  as  broad  scales 
and  leaves,  the  elytra,  which  constitute  a  protective  covering  {A2)hro- 
dite)  (fig.  299).  In  addition  to  the 
cirri,  branchiaj  which  may  be  filiform 
branched  and   antler-like,  comb- 


or 


shaped  or  in  the  form  of  tufts,  are 
fi-equently  present ;  sometimes  they 
ai-e  confined  to  the  middle  region  of 
the  body,  or  are  extended  over  almost 
the  whole  dorsal  surface;  sometimes 
they  are  confined  to  the  head  or  to  the 
anterior  segments  immediately  following 
the  oral  segment  (cephalic  branchise). 

The  two  anterior  segments  may  be 
i-egarded  as  foi-ming  the  head ;  they 
are  fused  together,  and  are,  with  regard 
to  theii-  appendages,  different  from  the 
following  segments  (fig.  245).  The 
anterior  segment  projects  beyond  the 
mouth  as  the  fi'ontal  lobe,  and  bears 
the  tentacles  and  palps  Yvalps  ai-e  ten- 
tacular structures  arising  from  the 
ventro-lateral  sides  of  the  head,  vide 
p.  379]  and  also  the  eyes  ;  the  posterior 
cephalic  segment  or  oral  segment  bears 
the  tentacular  cii-ri.  The  last  segment 
(anal  segment)  beai-s  the  anal  cirri. 

The  alimentary  canal  is  usually 
sti-aight,  and  extends  from  the  mouth 
to  the  anus,  which  is  terminal  and  rarely  "dorsal;  it  is  divided 
into  oesophagus,  intestine,  and  rectum  (fig.  300).  There  is  in  most 
cases  a  dilated  muscular  phai-yngeal  bulb  which  is  armed  with 
papilhe  or  with  movable  teeth  and  can  be  pi-otruded  as  a  proboscis. 
The  intestine  usually  preserves  the  same  structui-e  in  its  entrre 
length  and  is  divided  by  regular  constrictions  into  a  number  of 

24 


Fig.  300.  —  Alimentary  canal  of 
Aphrodite  aculeata  (after  M.  Ed- 
wards). Ph,  pharynx ;  D,  intes- 
tine ;  L,  hepatic  appendages. 
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divisions  or  chambers,  wliich  correspond  to  the  segments  and  dilate 
again  into  lateral  diverticula  and  cajca.  The  constrictions  are  due  to 
filamentous  or  membranous  septa  (dissepimenta),  which  divide  tlie 
body  cavity  into  tlie  same  unmljer  of  chambers  lying  one  behind 
another. 

The  vascular  system  appears  to  be  closed,  so  that  the  clear  nutri- 
tive fluid  found  in  the  body  cavity,  which,  like  the  blood,  contains 
amoeboid  corpuscles,  does  not  communicate  with  the  usually  coloured 
contents  of  the  vessels.  The  dorsal  and  ventral  vessels  are  not  only 
connected  at  each  end  by  lateral  loops,  but  also  in  each  segment ;  and 
from  these  connecting  vessels  proceed  peripheral  networks,  which 
extend  into  the  integument,  the  wall  of  the  alimentary  canal,  and  the 
hrcmcMoi. 

Special  organs  of  respiration  are  wanting  in  almost  all  the  Oligo- 
chceta.  In  the  marine  Worms,  on  the  contrary,  branchiae  are  very 
genei'ally  present,  usually  as  appendages  of  the  parapodia.  These 
branchiae  are  either  simple  cirri  which  have  delicate  ciliated  walls 
and  contain  blood-vessels,  or  are  branched  {Amjihinome)  or  in  some 
cases  are  pectinate  structures  {Eunice)  which  co-.exist  with  special  cin-i 
on  the  notopodia  (fig.  246).  The  branchiae  are  sometimes  confined 
to  the  middle  segments  {Arenicola),  and  are  sometimes  develoi^ed  on 
almost  all  the  segments  on  the  dorsal  siirface,  being  simplified 
towards  the  posterior  end  of  the  body  {Dorsihrcmchiata).  In  the 
Tubicolce  the  branchiae  are  confined  to  the  two  {Pectinaria  Sabellidce) 
or  three  {Terehella)  anterior  segments.  The  respii-atory  function  is, 
however,  also  shared  (Gajntibranchiata)  by  a  number  of  elongated 
tentacles  which  ai-e  gi-ouped  in  tufts  on  the  head.  These  are,  in 
the  Sabellidce,  supported  by  a  special  cartilaginous  skeleton,  and 
may  have  secondary  twigs  developed  upon  them.  They  are  either 
simply  arranged  in  a  circle  round  the  mouth,  or  in  two  fan-Kke 
lateral  groups  {Serpulidce),  the  base  of  which  is  not  unfi-equently 
drawn  out  into  a  spiral  plate.  Such  bi'anchial  sti-uctures,  however, 
also  function  as  organs  of  touch,  as  oi-gans  for  procuring  nutriment, 
and  even  foi'  building  the  tubes  and  shells. 

Excretory  organs. — There  are  usually  in  all  the  segments  paii-ed 
segmental  organs,  which  serve  as  excretory  organs.  They  begin,  as  a 
rule,  with  a  ciliated  funnel  in  the  body  ca,vity ;  they  possess  a  glandu- 
lar wall,  are  several  times  coiled  upon  themselves,  and  open  to  the 
exterior  in  each  segment  by  a  lateral  pore.  These  glandular 
passages  serve  in  general  for  the  removal  of  matters'  from  the 
body  cavity,  and  in  the  marine  .Chcetopoda  are  used  during  ihe 
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breeding  season  as  oviducts,  or  vasa  deferentia,  and  ijermit  of  the 
passage  outwards  of  the  generative  products,  lohich  have  been  $etfree 

in  the  body  cavity. 

Amongst  the  special  glands  in  the  body  of  the  Ghcatopoda,  those 
cutaneous  glands  of  the  Oligochmta  which  give  rise  to  the  thickening 
(extending  over  several  segments)  knoAvn  as  the  clitellus  or  girdle, 
are  especially  worthy  of  remark.  The  secretion  'of  these  glands 
perhaps  assists  the  intimate  connection  of  the  Worms  during  copula- 
tion. In  the  Serpulidce  there  are  present  two  large  glands,  which 
open  upon  the  dorsal  surface  of  the  anterior  portion  of  the  body  and 
furnish  a  secretion  used  in  the  formation  of  the  tubes  in  which  the 
animals  live. 


e 


Pig.  301— Brain  ami  anterior  portion  of  the  ganglionic  chain,  a,  of  Serptda  ■  h,  of  Neveis, 
(after  Quatrefages) ;  O,  eyes  ;  G,  cerebral  ganglion  ;  c,  oesophageal  commissure ;  T7q, 
suboesophageal  gangUon ;  e  e,  nerves  to  the  tentacular  cirri  and  the  mouth  segment. 


Nervous  system.— The  longitudinal  trunks  of  the  ventral  cord  are 
often  so  closely  approached  that  they  seem  to  form  a  single  cord 
{Oligochoita).  In  the  TuUcolm  (fig.  301),  on  the  contrary,  they  are 
very  mdely  separated  from  one  another,  especially  in  the  anterior 
part  of  the  ganglionic  chain  {Serpula).  The  visceral  nervous  system 
consists  of  paired  and  unpaired  gangha,  which  supply  the  oral  region 
and  especially  the  protrusible  proboscis. 

Sense  organs.— Paired  eyes  upon  the  surface  of  the  frontal  {i.e. 
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prsBOi-al  or  cephiilic)  lobe  are  widely  distributed.  E}'e-.spots  may  also 
be  present  upon  the  posterior  end  of  the  body  (Fahricia),  or  may  Ije 
regularly  repeated  upon  the  sides  of  each  segment  {PolyojMhalmus). 
In  species  of  Sabella,  pigment-spots  with  refractive  bodies  are  found 
even  upon  the  branchial  filaments.  The  large  cephalic  eyes  of  the 
genus  xlfcio^;e*  are  the  most  highly  developed,  Joeing  provided  with 
a  large  lens  and  a  complicated  retina.  The  presence  of  auditors- 
organs  seems  less  frequent.  They  appear  as  paired  otolithic  vesicles 
upon  the  oesophageal  ring  of  Arenicola,  Fahricia,  some  Sabellidm  and 
young  Terebellidce,  etc.    Besides  the  tentacles,  cirri  and  elytra,  other 

portions  of  tlie  sui-face  of  the  body  may  be  sensi- 
tive to  tactile  sensations.  On  such  parts  there 
are  either  stiff  hairs  and  tactile  setse,  or,  as  ui 
Biolicerodorum,  special  tactile  warts  with  ner\'e 
terminations. 

Reproduction.— In  the  smaller  Chaitopoda 
asexual  genei-ation  by  fission  and  gemmation 
may  occui-.  Either  (fissiparous  reproduction) 
a  large  numbei-  of  segments  of  the  parent  be- 
come separate  and  give  rise  to  the  body  of  the 
new  worm,  as  for  example  in  Syllis  inolifera, 
whei-e  a  series  of  the  posterior  segments,  which 
are  filled  with  ova,  become  separated  by  a  simple 
transverse  fission,  after  the  formation  of  a  head 
pro^dded  with  eyes;  or  (gemmiparous  repro- 
duction) a  single  segment  only,  usually  the  last, 
becomes  the  stai'ting-point  for  the  foi-mation  of 
a  new  indi\T.dual.  In  this  way  Autolyti'.s  f  ro- 
lifer,  one  of  the  Syllidce,  asexually  repi'oduces 
itself,  giving  rise  to  a  male  and  female  sexual 
form,  knowTi  respectively  as  Folybostrichus 
Miillerif  (male)  and  Sacconereis  helgolandica 
(female).  This  is  a  case  of  altei'nation  of  gene- 
I'ations,  for  the  asexual  form,  Axitolytus,  gives 
lise  by  budding  in  the  long  axis  to  the  sexual 
forms  (fig.  302).  In  this  case  a  whole  series  of  segments  are  developed 


Fig.  S02. —Autoh/tns  cor- 
nnhis,  with  the  male 
animal  PolybonMchns 
(after  A.  Agassiz).  F, 
Tentacles  ;  CT,  tenta- 
cular cirri :  /,  tenta- 
cles ;  ct,  tentacular 
cirri  of  the  male. 


,  "  Ueber  das  Auge  der  Alciopiden,  etc.,"  Marburg.  187f)  ;and  "  Unter- 
iiber  die  Alciopiden,"  Kor.  Art.  der  K.  Lcop.  Akad.,  etc..  Tom 


*  Greefe 
suchiuigeu 
XXXIX.,  Nro.  2 

t  Compare  besides  the  Avorks  of  0.  Fr.  Miiller,  Quatrefagcs,  Leuckart,  and 
Krohii.  especially  A.  Agassiz,  "  On  alternate  Generation  of  Annelids  and  the 
embryology  of  Autolytus  cornutus,"  Jio-fton  Jonrn.  Naf.  Hist.,  vol.  iii.,  18()3. 
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ill  front  of  the  last  segment  of  the  asexual  form,  and  these  segments, 
after  the  formation  of  a  head,  constitute  a  new  individual.  As  this 
process  is  repeated,  a  chain  of  connected  individuals  is  formed,  and 
these,  as  soon  as  they  are  separated,  represent  the  sexual  individuals. 
Among  the  freshwater  Naidfe,  in  CJmtogaster,  a  regular  and  continued 
budding  in  the  long  axis  leads  to  the  foi-mation  of  chains,  consisting  of 
not  less  than  12  to  16  zooids,  each  having  only  four  segments,  while 
the  sexual  individuals  consist  of  a  greater  number  of  segments.  A 
similar  process  occurs  in  the  mode  of  reproduction  observed  by  0. 
Fi'.  Miiller  in  JSFcds  prohoscidea,  from  the  last  segment  of  which  a 
new  zooid  is  produced.  Both  generations  of  Neds,  however,  become 
sexually  mature. 

[For  a  more  complete  account  of  the  asexual  reproduction  of  Cliaetopoda, 
vide  Balfour,  "Comparative  Embr^'ology,"  vol.  i.,  pp.  283,  284.] 

The  Clmtopoda  are,  with 
the  exception  of  the  her- 
maphrodite Oligochceta  and 
certain  Seiyididce  {e.g.,  S2n- 
rorhis  spirillum,  Protula 
Dysteri)  of  separate  sexes. 
Male  and  female  individuals 
seem  occasionally  so  strikingly 

different    in  the    structure  of      Fig.  303.— a  pai-apodium  of  Tomopteris  with  a 

their  organs  of  sense  and  lo-       ^^^^  °^        '^'^'^^  "^'^  ^''^^  ^^^^^"^ 
°  Gegenbaiir). 

comotion  that  they  have  even 

been  taken  for  species  of  distinct  genera.  Besides  the  above- 
mentioned  Sacconereis  and  Polyhostrichus,  the  asexual  genei-ation  of 
which  is  Autolyttts,  a  similar  sexual  dimorphism  has  been  shown  by 
Malmgren  for  Heteronereis,  a  genus  of  the  Lycoridce,  in  which  the 
males  and  females  differ  both  in  external  form  and  in  the  number 
of  their  segments.  A  remarkable  case  of  heterogamy  is  also 
afforded  by  this  genus,  in  that  a  generation  of  smaller  animals 
swmming  upon  the  surface  alternates  with  a  generation  of  larger 
forms  living  upon  the  bottom. 

The  generative  apparatus  of  the  Oligochceta  is  very  highly  deve- 
loped. The  ovaries  and  testes  lie  in  definite  segments,  and  empty 
their  contents  by  dehiscence  of  their  walls  into  the  body  cavity. 
Special  generative  ducts  often  co-exist  with  segmental  organs  in 
the  same  segment  {0.  ferricolce),  while  in  other  cases  the  segmen- 
tal organs  are  wanting  in  the  generative  segments  ((9.  limicolce).  In 
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the  marine  Chcetopoda,  the  ova  or  spermatozoa  originate  on  the  body 
wall  (fig.  303)  from  cells  of  the  peritoneal  membrane,  either  in  the 
anterior  segments  alone  or  along  the  whole  length  of  the  body.  Tlie 
generative  products  then  become  free  in  the  body  cavity,  attain 
maturity,  and  pass  through  the  segmental  organs  to  the  exterior. 
Only  a  few  Chcetopoda,  as  Eunice  and  Syllis  vivipara,  are  viviparous, 
all  the  rest  are  oviparous  ;  many  lay  their  eggs  in  connected  groups, 
and  carry  them  about  with  them,  while  the  Oligochceta  lay  theirs  in 
cocoons. 

Development. — The  segmentation  is  unequal.  A  primitive  streak 
is  very  generally  developed,  though  sometimes  not  until  the  embiyo 
has  left  the  egg.  It  arises  on  the  ventral  side  in  consequence  of  the 
development  of  a  middle  layer  and  from  neutral  plates  of  the  uppei- 
layer. 

Excepting  in  the  Oligochceta,  the  young  forms  undergo  a  metamor- 
phosis and  after  leaving  the  egg  appear  as  ciliated  larvae,  which  are 
provided  with  mouth  and  alimentary  canal,  and  essentially  resemble, 
with  some  modifications,  Loven's  larva. 

The  capability  of  renewing  lost  portions  of  the  body,  more  espe- 
cially the  posterior  part  of  the  body  and  different  appendages,  seems 
to  be  generally  distributed.  The  Lumhricince  and  certain  marine 
Worms  [jDiopatra,  Lycaretus)  are  even  able  to  replace  the  head  and 
the  anterior  segments,  with  the  brain,  oesophageal  ring,  and  sense 
apparatus. 

Fossil  remains  of  Chcetopoda  are  found  from  the  Silurian  onwards 
in  the  most  diiferent  formations. 

Order  1. — PoLYCHiETA.* 

Marine  Chcetopoda,  toith  numerous  setce  embedded  in  the  2yarap>odia, 
usually  toith  distinct  head,  tentcccles,  cirri,  and  hranchicB.  They  are 
for  the  most  part  dioecious,  and  develoji  tvith  metamorphosis. 

The  marine  Chcetopodct  must  be  considered  as  belonging  to  a 
higher  grade  of  life,  on  account  of  the  sharp  distinction  of  the  head 
which  is  composed  of  the  prfestomium  (prteoral  lobe)  and  oral 
segment  (in  the  Amjjhinomidce  several  succeeding  segments  are  also 
included),  and  of  the  presence  of  the  tentacles,  tentacular  cirri  and 

*  Aiidouin  et  Milne  Edwards,  "  Classification  des  Annelides  et  dcscrijjtion 
des  cellos  qui  habitent  les  cotes  de  la  France,"  A/males  dm  Sc.  Nat.,  Tom 
XXVII.  to  XXX.,  1832-88.  Delle  Chiajc,  ''  Descrizioni  e  notomia  degli 
animali  senza  vertebre  della  Ricilia  citeriore,"  Napoli,  1841.  Quatrefages. 
"  Histoire  naturelle  des  Aiiueles,"  Tom.  I.  and  II.,  I860.  Also  the  numerous 
■vrritings  of  E.  Grube  and  E.  Claparede. 
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gills,  and  also  of  the  setfe  embedded  in  prominent  parapodia,  which 
serve  as  aids  to  swimming.  The  internal  organization,  however,  is 
in  no  way  more  complicated  than  that  of  the  Oligochceta.  Neverthe- 
less all  these-  distinctive  characters  may  be  less  and  less  marked, 
and,  indeed,  so  "completely  vanish  that  it  is  difficult  to  draw  a  sharp 
Une'  between  the  Oligochceta  and  the  Polychceta.  The  parapodia 
{Gapitellidce)  and  also  the  set£e  {Toino2Jteridce)  may  be  wanting. 

In  rare  cases,  bundles  of  setffi  are  present  on  all  the  segments  behind 
the  head  ;  they  are  however  arranged  in  a  single  row  and  embedded 
in  a  single  pair  of  ventral  retractile  parapodia  in  each  segment. 


Tio.  301.  —  Head  and  anterior  body  segments  of  Nereis  Dumerilii  (after  E.  Clapar^de).  O, 
Byes ;  F,  palps  ;  Ct,  tentacular  cirri ;  S^,  pharyngeal  jaws. 

This  arrangement,  which  is  found  in  Saccocirrus  and  its  allies,  pro- 
bably represents  the  primitive  state,  especially  as  in  these  animals  the 
character  of  the  nervous  system,  which  lies  in  the  ectoderm  external 
to  the  dermal  muscular  envelope,  and  of  the  sense  organs,  which  are 
reduced  to  two  simple  tentacles  upon  the  cephalic  lobe  and  to  ciliated 
pits,  indicates  lower  and  more  primitive  conditions. 

In  another  and  very  remai-kable  type,  Polygorcliibs  Schn.  and 
Protodrilus  Hatsch.,  not  only  parapodia  and  setse  but  also  the 
external  segmentation  are  wanting.  The  segmentation  of  this 
achsetous  and  externally  unsegmented  worm  is  entirely  confined 
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to  the  internal  oi-ganization  and  is,  as  compared  with  that  of  all  other 
Annelida,  to  a  certain  extent  completely  hotnonomous,  inasmuch  as 
the  esophagus  is  confined  to  the  cephalic  segment  and  does  not 
extend  into  the  anter-ior  segments  of  the  body.  Further,  the  nervous 
system  is  connected  with  tlie  ectoderm  along  its  whole  length,  and 
the  cerebral  ganglion  maintains  its  primitive  position  at  the  anterior 
end,  corresponding  to  the  apical  plate  of  the  larva ;  and  the  ventral 
cord  is  without  ganglionic  swellings.    In  all  the  above  points  these 

forms  seem  to 
have  preserved 
the  primitive  An- 
nelidan  structure, 
and  they  have 
therefore  b  e  e  n 
united  by  Hat- 
schek  into  a  special 
class,  the  Archian- 
nelida. 

In  the  Poly- 
cliceta  the  vascular 
system  is  compli- 
cated by  the  ap- 
pearance of  bran- 
chiae, which  are 
provided  with 
blood-vessels.  In 
the  forms  with 
dorsal  branchiae 
the  branchial 
blood  is  derived 
from  the  dorsal 
trunk  and  re- 
turned to  the  ven- 
tral by  special 
vessels.  When, 
on  the  other  hand,  as  in  the  tubicolous  capito-branchiate  forms,  the 
respiratory  apparatus  is  concentrated  on  a  few  segments,  the  vascular 
system  of  that  part  undergoes  greater  modifications.  In  the  Tere- 
hellidce  (fig.  305),  the  dorsal  trunk  dilates  above  the  pharynx  to  a 
branchial  heart  from  which  lateral  branches  are  given  off  to  the 
branchise.    In  the  same  region  the  transverse  loops  connecting  the 


Fig.  305. — Tereb^lla  nehulom,  opened  from  the  dorsal  side  (after 
M.  Edwards).  T,  Tentacles  ;  A',  Branchia? ;  Di;,  dorsal  vessel  or 
heart. 
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dorsal  and  ventral  trunks  may  perform  the  function  of  hearts,  as 
is  also  frequently  the  case  in  the  Olicjochcuta.  Finally  the  vascular 
system  is  in  many  cases  considerably  reduced,  and,  according  to 
Claparede,  is  entirely  wanting  in  Glycera  and  Ccqntella,  in  which  the 
blood  is  represented  by  the  perivisceral  fluid. 

The  generative  organs,  unlike  those  of  the  hermaphrodite  Olicjo- 
chceta,  are  usually  placed  in  difierent  individuals ;  and  the  males  and 
females  are  sometimes  of  very  different  forms.  A  number  of  herma- 
phrodite Polychceta  are,  however,  known  ;  such  principally  belong  to 
genera  of  the  Serjndidce,  e.g.,  Spirorhis,  Protula. 

The  development,  unlike  that  of  the  Oligochceta,  is  invariably  con- 
nected with  a 
metamorphosis. 
Segmentation  is, 
as  in  the  Hirudi- 
nea,  usually  un- 
equal, and  even 
the  first  two  seg- 
mentation spheres 
are  of  unequal 
size.  The  smaller 
(animal)  half, 
which  segments 
more  quickly, 
gives  rise  to 
smaller  segments, 
which  grow  round 
and  envelope  the 
lai'ger  segments 
proceeding  from 
the  segmentation 
of  the  larger  half.  In  the  subsequent  development  a  piimitive  streak 
makes  its  appearance  in  all  embryos  of  PolychcBta,  sometimes,  how- 
ever, not  until  the  embryo  has  begun  to  lead  a  free  life  as  larva. 
The  ganglia  become  differentiated  later  into  the  ventral  chain. 

In  the  free-swimming  larvfe  the  cilia  are  rarely  distributed  over 
the  whole  surface  of  the  body  (Atrocha*).  They  are  usually  confined 
to  special  rows  (ciliated  rings) ;  sometimes,  as  in  Loven's  larva,  there 
is  one  row  placed  in  front  of  the  mouth  at  some  distance  from  the 

*  Compare  E.  Claparede  and  E.  Metschnikofi,  '•  Beitraa:c  znr  Entwickclungs- 
geschichtc  der  Chretopoden,"  Zeitschr.  fur  wiss.  Zool.,  Tom.  XIX.,  1869. 


A 

Fig.  306. — Larvte  of  Polychoeta  (after  Busch).  a.  Larva  of  iVerttn 
F,  tentacle ;  Oc,  eyes ;  FrW,  prworal  circle  of  cilia :  O, 
mouth;  A,  anus.  6,  Mesotrocbal,  larva  of  Chatopferut ;  IVp, 
circle  of  cilia. 
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anterior  end  of  the  body  {Cephalotrocha,  e.(j.,  lar\-a  of  Folynoe). 
Sometimes  tliere  are  two  rows,  one  at  each  end  of  the  body,  con- 
stituting a  pra>oi-al  and  perianal  ring  {Telotrocha,  e.g.,  Hpio-NeiMhyn- 
larva).  In  ad(Htion  to  these  two  rings  of  ciHa,  incomplete  rings 
may  also  be  present  on  the  ventral  surface  (Gastrotrocha),  or  both 
ventrally  and  dorsally  (Aviphitrocha).  In  other  cases  one  or  more 
rows  of  cilia  surround  the  middle  of  the  body  (Mesotrocha),  while  the 
terminal  rings  (progoral  and  perianal)  are  absent  {Telepsavus-Chcatop. 
terus  larva)  (fig.  306).  Many  larv£e  are  provided  with  long  pro- 
visional setaj,  which  are  later  replaced  by  the  permanent  structur<  > 
(Metachceta).  In  spite  of  their  great  diversity  of  form  the  Chaitopo.l 
lai'vje  can  in  their  later  development  also  be  reduced  to  the  type  of 
the  larva  of  Loven. 

Relatively  few  forms,  as  for  instance  the  transparent  Alciojnda , 

live  at  the  surface  (pelagic  animals) ;  most 
of  them  live  near  the  coast.  Numerous 
foi-ms  descend  into  the  deep  sea.  i\Iany 
have  the  power  of  emitting  an  intense 
light,  especially  species  of  the  genus  C'Ace- 
topterus  which  emit  light  from  their  an- 
tennte  and  appendages.  The  el}-tra  of 
Polynoe,  the  tentacles  of  Polycirrus,  and 
the  integument  of  certain  Syllicloe,  are 
„     „„-    „   .  also  phosphorescent.    Panceri*  has  shoA\ii 

r  IG.  o07. — Jyereit    miirgaritacea.  ^ 

Head  with  protruded  jaw  that  the  Seat  of  the  pliosphoresccnce  is 
SThTdorLi'SrfaSe;  unicellular  cutaneous  glands,  which,  \ii 
M.  Edwards).  K,  Jaws;  F,     Polynoe,  were  proved  to  be  in  communi- 

tentacles ;  P,  palps;  Fc,  ten-  ..i 

tacuiar  cirri.  cation  With  nerves. 

Sub-order  1.  Errantia.  Free-swim- 
ming, predacious  Polychceta.  The  prfestomium  always  remains  in- 
dependent and  forms,  with  the  oral  segment,  a  well-marked  head 
which  bears  eyes,  tentacles,  and  usually  tentacular  ciri-i.  The 
parapodia  are  much  more  developed  than  in  the  Tuhicolce,  and, 
together  with  theii-  very  variously  shaped  setie,  serve  as  oars.  The 
anterior  portion  of  the  pharpix  can  be  protruded  as  a  probosci> 
and  is  divided  into  several  portions ;  it  is  either  beset  with  papilla 
or  contains  a  powerful  masticatory  apparatus,  which  appears  at  its 
extremity  when  protruded  (fig.  307).  Branchice  may  be  wanting: 
when  present,  they  usually  appear  as  comb -shaped  or  dendritic 

*  Pauceri,  "  La  Ince  e  gli  organi  luminosi  cli  alcuni  annelidi,"  Atti  dclla  E. 
Acad,  sciensz  fi.  e  mat.  di  Napoli,  1875.  ^ 
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tubes  on  the  parapodia  {DorsihrancMata).  The  Errantia  are  pre- 
datoxy  in  theii-  habits  {Rcqxtcia)  and  swim  freely  in  the  sea;  but 
they  may  also  inhabit  temporarily  thin  membranous  tubes. 

Fam.  Aphroditidffi.  Brofid  scales  idntra)  on  the  riotopodia.  These  are 
usually  placed  on  alternate  segments,  often  only  on  the  anterior  part  of  the 
body/  Prffistomium,  with  eyes,  with  one  unpaired  and  usually  two  lateral 
tentacles,  to  which  may  be  added  two  stronger  lateral  ventrally  placed  tentacles 
(palps).  Proboscis  cylindrical,  protrusible,  \\ath  two  upper  and  two  under 
jaws.  4.pkrodHe  aculeata  Lin.  dlli/stri.v  marina  Eedi.)  The  back  has  a  thick 
felt  of  hairs.  Eyes  sessile.  Numerous  setre  on  the  neuropodia.  Polyno'e 
xcfllopcndrina  Sav.    Ocean  and  Mediterranean. 

Fam.  Eunicidee.  Body  very  long,  composed  of  numerous  segments.  Prfesto- 
mium  vdth.  several  tentacles.  Parapodia  usually  uniramous,  rarely  biramous, 
usually  with  ventral  and  dorsal  cii-ri  as  well  as  branchiEB.  One  upper  javv 
composed  of  several  pieces,  and  a  lower  consisting  of  two  plates  ;  both  lie  in 
a  sac,  the  jaw-sack,  on  the  dorsal  surface  of  which  runs  the  pharyngeal  tube. 
Stauroceyhalus  vittatvs  Gr.,  Ilalla  (^Lysidioe)  pao^thenopeki  Delle  Ch.,  Naples. 
Biopatra  neapoUtana  Delle  Ch.,  Naples.    Eumce  Ilavami  And.  Edw. 

Fam.  Nereidae  =  iy("('?'Mte.*  The  elongated  body  is  composed  of  numerous 
segments.  The  prsestomium  has  two  tentacles,  two  palps,  and  four  eyes.  The 
parapodia  are  either  uni-  or  bi-ramous,  and  are  furnished  with  dorsal  and  ventral 
cirri  and  with  composite  setfe.  Proboscis  usually  possesses  spines,  and  always 
two  jaws.  Nereis  DumeriUi  And.  Edw.,  French  and  English  coasts,  to  which 
belongs  Hctermeveis  fuGioola  Oerst.  N.  cultrifera  Gr..  Mediterranean  N. 
fucata  Sav.,  North  Sea.  The  form  formerly  distinguished  as  Hcteroncreis 
Oerst.*  differs  from  Nereis  in  the  great  size  of  the  prajstomium  and  of  the  eyes, 
also  in  the  extraordinary  development  of  the  parapodia,  and  in  the  abnormal 
formation  of  the  hinder  end  of  the  body.  It  belongs,  however,  to  the  same 
cycle  of  development  as  Nereis  and  Nereilejuis. 

Fam.  Glyceridae.  Body  slender,  composed  of  numerous  ringed  segments. 
The  prfestomium  is  conical  and.  ringed,  with  four  small  tentacles  at  its  point 
and  two  palps  at  its  base.  The  proboscis  can  be  protruded  to  a  great  length, 
and  is  provided  with  four  strong  teeth.  The  hremal  fluid,  coloured  by  red 
corpuscles,  is  contained  in  the  body  cavity  and  the  branchial  sinuses.  There 
is  no  special  vascular  'system.    Glijcera  cajritata  Oerst.,  North  Sea. 

Fam.  Syllidae.  Body  elongated  and  flattened,  head  usually  with  three 
tentacles  and  two  to  four  tentacular  cirri.  The  protrusible  proboscis  consists 
of  a  short  proboscis  tube,  a  pharyngeal  tube  lined  by  stiff  cuticular  formations, 
and  a  portion  characterised  by  annular  rows  of  points.  Sexual  and  asexual 
individuals,  differing  in  form,  are  sometimes  found  in  th6  same  species.  Many 
carry  their  eggs  about  with  them  until  the  young  are  hatched.  Syllis  rittata 
Gr.,  Mediterranean.  Odontosyllis  gihha  Clap.,  Normandy,  Aittolytus pvolifcr 
0.  Fr.  Mlill.,  asexual  form.  The  male  has  been  described  as  Polyhostriclms 
Miilleri  Kef.,  the  female  as  bacconercis  helfjolandica  Mlill.  S2Jha'rodorvrii 
2)einjMtii.s  Gr.,  Mediterranean. 

Fam.  Alciopidae  (Alciopea).  With  two  large  hemispherical  projecting  eyes. 
Ventral  and  dorsal  cirri  leaf-like.  The  proboscis  is  protrusible,  the  tube  of 
the  proboscis  being  thin  walled  and  its  terminal  portion'  thick  walled.  At 

*  Compare  E.  Grube,  "  Die  Familie  der  Lycorideen,"  Jahresher.  der  ScMvsis- 
elien  Gesellscliaft,  1873. 
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its  fiperture  aro  two  hook-sliaped  papilbe.  The  lavvaj  are  in  part  parasitic  in  tl,,- 
Cy (I Ijqn (!(/■.     Alriojia  C/intrninU  Delle  Oh.,  Nai)les, 

Fam.  Tomopteridee  {Gymuocopa).  Head  well  marked,  two  e^'us.  hifi.i 
pnt'stomiiim,  and  four  tentacles,  of  which  two  in  many  species  are  only  presei;i 
in  the  young.  The  mouth  segment  has  two  long  tentacular  cirri  which  an 
supported  by  a  strong  internal  seta.  The  moutli  is  without  proljoscis  a.,.] 
jaws.  The  segments  are  provided  with  large  bi-lobed  i)arapodia  without  seta- 
r<imopfrr!.s'  xcolojir/idr/i  Kef.,  Mediterranean.  T.  oHixri/ormiii  Esch.,  northeii, 
seas,  Heligoland. 

The  genus  Myzostoma  V.  S.  Lkt.,  a  small  group  of  hermaphrodite  worms 
whose  afRnities  arc  doubtful  and  disputed,  may  be  placed  here.    They  ajv 

small,  disc-shaped  animals, 
para.sitic  on  Cointdiila. 
They  possess  a  soft  aii<i 
ciliated  skin,  four  paiis  oi 
latei-ally  placed  suckei'S  on 
the  ventral  surface,  and  a 
protrusible  pi'oboscis  fur- 
nished with  papillae  at 
their  anterior  end,  also  a 
branched  alimentary  canal 
which  opens  at  the  posteriDi- 
end  of  the  body.  On  t]i.j 
sides  of  the  bodj'  are  five 
jDairs  of  short  parajwdia.  of 
which  each  one  bears  a  hook 
(with  one  to  three  sup]jlc- 
meutary  hooks)  as  well  ii> 
supporting  setie.  As  a  rule, 
double  as  many  cirri  or 
short  wart-like  protube- 
rances arc  found  on  the 
margin  of  the  body.  M. 
glairum,  cirrifermn  F.  S. 
Lkt, 

Sub-order  2.  Seden- 
taria    =    Tubicolae.  * 

Fig.  ZOS.-Sph-orln  Imrh  (after  Claparede).    a,  The  With   illdistuictly  Sepa- 
animal  removed  from  its  tube,  strongly  magnified ;  rated    head    and  short 
b,  tube  ;   T,  tentacles  ;  Bs,  brood-pouch  with  oper- 
culum ;  Br,  glands,  Ov,  ova;   Oe,  oesophagus;  M,  usually  not  protrUSlble 
istomach;  2),  intestine.  proboScis,  without  jaWS. 

The  branchife  may  be  entirely  absent  and  in  many  cases  are 
confined  to  the  two  or  three  anterior  segments  following  the 
head.  In  exceptional  cases  they  are  placed  on  the  dorsal  part 
of  the  middle  of  the  body  {Arenicolidca).  As  a  rule,  however, 
they  are  represented  by  numerous    filiform   tentacles   and  ten- 

*  E.  Claparede,  "  Recherches  sur  la  structure  des  Annelides  sedentairc.-^. 
Gen6ve,  1873. 
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tacular  cirri  upon  the  head  (CajniibrancMata),  of  which  one  or 
more  may  bear  an  opercuhim  at  its  apex  to  close  the  tube  (fig. 
308).  The  parapodia  are  short,  and  are  never  used  in  swimming ; 
the  notopodia  usually  carry  haii'-like  sette ;  the  neuropodia  are  trans- 
verse ridges  with  hooked  set^e  or  plates.  Eyes  are  very  frequently 
absent ;  in  other  cases  they  are  present  in  pairs  upon  the  head  or  on 
the  terminal  segment,  sometimes  even  on  the  branchial  tentacles; 
in  the  latter  case  they  are  very  numerous.  The  body  is  often 
cUWded  into  two  (thorax  and  abdomen)  or  three  regions,  the  seg- 
ments of  which  are  distinguished  by  their  unequal  size.  The 
Tuhicolce  live  in  more  or  less  fix-m  tubes  which  they  construct  for 
themselves,  and  feed  on  vegetable  matter  which  they  procure  by 
means  of  theii-  tentacular  apparatus.  In  the  consti-uction  of  theii- 
tubes  the  animals  are  assisted  in  various  ways  by  the  long  tentacles 
or  branchial  filaments  of  the  head ;  thus,  for  example,  the  Sahellidce 
are  said  to  accumulate  fine  ooze  at  the  funnel-shaped  base  of  the 
branchial  ajDpaiutus  by  means  of  the  cilia  of  their  tentacles,  to  mix 
it  ^\'ith  a  cement  secreted  by  lai-ge  glands,  and  then  to  transfer  it  to 
the  edge  of  the  tube ;  while  the  Terehelliclce  procu^re  the  gi-ains  of  sand 
for  the  construction  of  their  tubes  by  their  long  and  very  extensible 
tentacles.  There  are  also  boring  Annelids,  which  pierce  limestone 
and  mussel  shells,  like  the  horny  Molluscs;  e.g.,  Sahella  saxicola,  etc. 

The  development  is  simplest  when  the  mother  possesses  a  kind  of 
brood-pouch  for  the  development  of  the  young,  e.g.,  Sjnrorbis  spirillum 
Pag.,  the  eggs  and  larvte  of  "vhich  remain  within  a  dilatation  of  the 
opercular  stalk  until  the  young  animals  ai  e  able  to  construct  a  tube 
for  themselves.  The  free-swimming  larvje  of  most  Tuhicolce,  on 
assuming  the  form  of  the  worm,  lose  the  ciliary  apparatus,  while 
tentacles  and  parapodia  make  their  appearance.  In  this  condition 
and  sometimes  surrounded  by  delicate  membranes,  they  swim  about 
for  some  time  longei-,  and,  having  lost  their  eyes  and  aviditory  vesicles, 
gradually  assume  the  structure  and  mode  of  life  of  the  sexual  animal 
{Terehella). 

Fam.  Saccocirridae.  With  two  tentacles  on  the  prfestomium,  two  eyes 
and  the  same  number  of  ciliated,  pits.  A  single  row  of  retractile  parapodia, 
furnished  with  simple  setae,  on  either  side  of  the  segments  of  the  body.  Sacco- 
cirrm 2m])'dlocrrc.u.s  Bobr.,  Black  Sea  and  Mediterranean  (Marseilles). 

Fam.  Arenicolidse.  Pr^stomium  small  and  without  tentacles.  The  pro- 
boscis is  beset  with  papillfe.  There  are  branched  gills  on  the  median  and 
posterior  segments.  The  animals  burrow  in  sand.  Avrnicohi  niavhia  Lin. 
(^1.  pi-s-eafin-vm  Lam.),  North  Sea  and  Mediterranean. 

Fam.  Spionidae  {S^noderf').    The  small  prtestomium  sometimes  witii  tentacu- 
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Ifir  processes,  usually  with  small  eyes.  The  oral  segment  mostly  with  two  loiKr 
t_entacular  cirri,  which  are  usually  frrooved.  Cirriform  Ijraucliite  are  presejir 
Polydora  (intcnnafn  Clap.,  Naples.    ^p\o  nctirornis  Fabr.,  north  seas. 

Fam.  Chaetopteridae.  Body  elongated  and  separated  into  several  dissimilai' 
regions.  Usually  two  or  four  very  long  tentacular  cirri.  Dorsal  ajjijenda-rs 
of  the  middle  segments  have  the  shape  of  wings  and  are  often  lobed  They 
live  in  parchment-liice  tubes.  TelcpmvvH  Coxtanm.  Clap.,  Naples.  I'lueUptcrm 
poujamrnfucnix  (Uiv..  West  Indies. 

Fam.  Terebellidse.  Body  vermiform  and  thicker  anterioi-ly,  'J'he  thinu(r 
posterior  i)ortion  is  sometimes  distinctly  marked  off  as  an  appendage  destitme 
of  setfe.  The  prrestomium  is  indistinctly  separate  from  the  mouth  segment^ 
There  is  frequently  a  lip  above  the  mouth.  Numeious  filiform  tentacles,  usually 
alTanged  in  two  tufts.  There  are  pectinate  or  branched,  rarely  filamentous, 
gills  on  a  fcAV  of  the  anterior  segments.  Dorsal  prominences  (notopodia)  fur- 
nished with  simple  seta3,  and  ventral  transverse  ridges  (neuropo<lia)  with  hooked 
setie.  Terchclla  conrJnlcf/fi  Pall.,  English  coast,  Mediterranean.  Avqjharet,' 
Gruhei  Malmgr.,  Greenland  and  Spitzbergen.  PccUnaria  auriccma  0.  1m. 
Miill.,  North  Seas,  Mediterranean.  Salellavia  {Rermclla)  spinnlosa  R.  Lkt., 
Heligoland. 

Fam.  Serpulidae.  Body  usually  distinctly  divided  into  two  regions  (thorax, 
abdomen).  Prajstomium  fused  with  the  mouth  segment,  M'hich  as  a  rule  is  pro- 
vided with  a  collar.  The  mouth  is  situated  between  two  semicircular  or  sijirally 
coiled  plates,  from  the  anterior  margin  of  which  spring  the  branchial  filaments. 
These  have  secondary  filaments  arranged  in  single  or  double  rows,  and  may  Ijc 
supported  by  a  cartilaginous  skeleton,  and  have  their  bases  connected  by  a 
membrane.  Spirograplns  SjMllanzfiwu,  l>fai:)lefi.  Sahclla jH'nicilhi'S  Lin.,  North 
Seas.  S.  Kollikeri  Clap.,  Mediterranean.  ProUda  Rndolplii  Eisso,  Mediten-a- 
nean.  Filiijrana  hnplcxct  Berk.,  Norwegian  and  English  coasts.  Sevpnla  nor- 
vegi-ca  Gunu.,  North  Sea  and  Mediterranean.    Sjnrorhis  sjm'illunb  Lin.,  Ocean  . 

Order  2.— OligochjEta.* 

Heymiaiyhroclite  Choetopoda  loitliout  pharyngeal  armature  UTid  paru- 
podia.  There  are  no  tentacles,  cirri,  or  hranchiai.  The  development 
is  direct. 

The  cephalic  region  is  composed  of  the  prasstomium,  which  projects 
as  an  upper  lip,  and  the  mouth  segment.  It  does  not  essentially 
differ  from  the  following  segments  so  as  to  form  a  special  region  (fig. 
309).  Tentacles,  palps,  and  tentacular  cirri  are  never  found  on  it, 
but  tactile  papillae  are  present  in  great  numbei-,  as  are  also  peculiar 
sense  organs  which  resemble  taste  buds.  Eyes  either  fail  or  are 
present  as  simple  pigment  spots.   Besides  the  small  gland  cells  of  the 

*  Besides  the  works  of  W.  Hoffmeister,  D'Ddekem,  and  others,  compare  : 
E.  Claparede,  "  Eecherches  anatomiques  sur  les  Annelides,  etc.,  observes  dans 
les  Hebrides,"  Geneve,  1860.  E.  Claparede,  "  Recherches  anatomiques  sur  Ics 
Oligochretes,"  Geneve,  1862.  A.  Kowalevski.  '•  Embryo! ogisclie  Studien  an 
"VVlirmern  iind  Arthropoden  QTAimhricus,  Ettaxcs),''  Petersburg,  1861.  _  l'>. 
Hatschek,  "  Studien  iiber  Entwicklungsgeschichte  der  Anneliden,"  Wien. 
1878.  Fr.  Vejdovsky,  "  Bcitriige  zur  vergleichcndeu  Morphologic  der  Anneliden. 
L  Monographic  der  Enchytrreidcn,"  1879. 
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hypodermis  there  is  present  in  the  cliteUus  a  deeper  glandular  layer 
{Sdulenschioht  Clap.),  which  consists  of  finely  granular  cells  embedded 
in  a  framework  of  pigmented  and  vascular  connective  tissue  and 
situated  between  the  hypodermis  and  the  external  muscular  layer. 
There,  are  but  few  set^e  present,  and  they  are  never  disposed  on 
special  parapodia,  but  always  in  simple  pits  in  the  integument,  by 
the  cells  of  which  they  are  secreted. 
There  are  small  secondary  bristles 
which  serve  as  a  reserve.  The  blood 
is  usually  red,  as  in  the  Hiruclinea. 
The  alimentary  canal  is  often  divided 


into  several  regions,  the  relations 


of 


which  are  most  complicated  in  the 
Lumhricidce.  In  Liomhricihs,  the  buccal 
cavity  leads  into  a  muscular  phai-ynx, 
which  is  probably  used  for  sucking. 
This  is  followed  by  a  long  oesophagus 
extending  to  the  13th  segment,  and 
furnished  with  a  thick  layer  of  glandular 
cells  and  several  glandular  dilated  ap- 
pendages (calcareous  sacs).  The  oeso- 
phagus is  succeeded  by  a  crop,  a 
muscular  gizzard,  and  finally  by  the 
intestine  itself,  the  dorsal  wall  of  which 
is  pushed  inwards  so  as  to  form  a  longi- 
tudinal fold,  the  typhlosoU  (comparable 
to  a  spiral  valve).  In  the  Limicolce 
the  alimentary  canal  is  simpler  by  the 
absence  of  a  muscular  stomach;  a 
pharynx  and  oesophagus  are,  however, 
always  present. 

Reproduction.— The  OUgochceta  are 
hermaphrodite ;  they  lay  their  eggs 
either  singly  or  united  in  greater  num- 
ber in  a  capsule;  and  they  develop 
without  a  metamorphosis.  The  testes 
and  ovaries  are  paired  and  placed  in 
definite  segments,  usually  near  the  an- 
terior end  of  the  body ;  they  dehisce  their  products  into  the  body 
cavity.  The  generative  ducts  possess  funnel-shaped  openings  into  the 
body  cavity  through  which  the  generative  products  pass,  and  may 


Pig.  309. — Lumbriciis  rubellus  (after 
G.'  Eisen) .  a,  The  whole  woim  ; 
CI,  Clitelhis.  h,  Anterior  end  of 
the  body  ft-om  the  ventral  side,  c, 
Isolated  seta. 
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co-exist  in  the  same  segment  witli  segmental  organs  {Lumhricidoi). 
In  the  earth-worm,  whose  generative  organs  were  first  accurately 
described  by  E.  Hering,  the  female  apparatus  consists  of  two  ovaries 
in  the  13th  segment,*  and  two  oviducts,  which  begin  with  trumpet- 
shaped  openings  into  the  body  cavity,  contain  several  eggs  in  a  dila- 
tation and  open  to  the  exterior  on  either  side  on  the  ventral  surface 
of  the  14th  segment.  There  are  in  addition  in  the  9th  and  10th 
segments  two  pairs  of  receptacula  seminis,  which  open  at  the  junction 
of  the  9th  and  10th  and  10th  and  11  th  segment  respectively.  They 

The  male  genital 
organs  con.sist  of 
two  pairs  of  testes 
in  the  10th  and 
11th  segmentf^, 
and  two  vasa  defe- 
rent ia,  each  of 
which  opens  inter- 
nally by  two  fun- 
nels and  to  the 
extei-ior  in  the 
15th  segment. 
Copulation  takes 
place  in  June  and 
July  on  the  sur- 
face of  the  earth 
at    night.  The 

Fig.  310. — Generative  organs  of  Lumbricus  in  segments  VIII.  to  .      ,  . 

XV.  (after  E.  Hering).  T,  Testes  ;  St,  the  two  funnels  of  the  WOrms  apply  their 
vas  deferens  on  either  side  ;  Vd,  vas  deferens  ;  Ov,  ovary ;  Od,  ventl'al  surfaces  to 
oviduct ;  -ffic,  receptacula  seminis. 

one  another  and  lie 

in  opposite  directions,  in  such  a  manner  that  the  openings  of  the  re- 
ceptacula seminis  of  one  worm  are  opposite  the  clitellus  of  the  other. 
During  copulation  sperm  flows  out  from  the  openings  of  the  sperm 
duct  and  passes  backwards  in  a  longitudinal  groove  to  the  cHteDus, 
and  thence  into  the  receptaculum  seminis  of  the  other  worm.  In 
Tuhifex  and  Enchytrceus  the  ovaries  may  break  up  into  groups  of 
ova  which  float  free  in  the  body  cavity.  Special  albumen  glands 
and  also  glands  which  secrete  the  substance  of  the  shell  of  the  cocoon 
are  often  pi-esent.     In  the  breeding  season  the  above-mentioned 

*  The  head  (prfEstomium  and  buccal  region)  being  reckoned  as  the  f^r^; 
segment. 


are  filled  with  sperm  in  copulation  (fig.  310). 


OLIGOCHjETA. 


385 


girdle  or  clitellus,  which  is  formed  of  a  thick  glandular  layer,  is 
almost  always  present. 

The  embryonic  development  of  the  OKgochceta  presents  many 
relations  to  that  of  the  Hirudinea.  The  unequal  segmentation,  which 
is  very  much  alike  in  the  two  groups,  and  the  similarity  in  the 
method  of  origin  of  the  mesoderm,  from  two  large  cells  near  the 
blastopore  at  the  posterior  end  of  the  embryo,  point  to  a  close  relation- 
ship between  these  two  groups  of  Annelids. 

A  few  Olicjochceta,  as  for  example  Chcetogaster,  are  parasitic  on 
aquatic  animals ;  the  rest  of  them  live,  some  free  in  the  earth,  some 
in  fresh  water-,  and  some  in  the. sea. 

Sub-order  1.  Terricolse.  Oligochjeta  which  live  principally  in 
the  earth.    They  have  segmental  organs  in  the  genital  segments. 

Fam.  Lumbricidae.  Large  earthworms  with  compact  skin  and  red  blood. 
Without  eyes.  Tufts  of  vessels  surround  the  segmental  organs.  Their  activity 
in  boring  into  the  earth  is  of  the  greatest  importance,  loosening  and  exposing 
the  soil  to  the  action  of  the  weather.  Lviiibriciis  L.,  Earthworm.  Pr^stomium 
distinct  fi'om  the  mouth  segment.  The  clitellus  includes  a  series  of  segments, 
and  is  situated  nearly  at  the  end  of  the  anterior  quarter  of  the  body /a?'  bi'hi?id 
the  fiemtal  ojumifir/s.  Sette  elongated,  hook-shaped,  arranged  in  four  groups  in 
each  segment,  each  group  containing  two  setffi.  The  earthworm  lays  its  eggs 
in  capsules,  into  each  of  which  several  small  ova,  with  sperm  from  the  recep- 
tacula  seminis,  are  emptied  ;  as  a  rule,  however,  only  one  or  but  a  few  embryos 
are  developed.  The  developing  embryo  takes  up  with  its  large  ciliated  mouth 
not  only  the  common  mass  of  albumen,  but  also  the  other  eggs.  L.  ar/ricolu, 
'RoSm.  =  tc'rrcstris  Lin.,  L.  fastidus  SaY.,  L.  amcricaiivs  E.  Perr.  Criodrilus 
lacvvni  HofEm. 

Sub-order  2.  LimicolsB.  Oligochfeta  which  live  principally  in 
water.    Without  segmental  organs  in  the  genital  segments. 

Fam.  Phreoryctidse.  Long  filiform  worms,  with  thick  skin  and  two  rows  of 
slightly  curved  seta3  on  each  side.  Pkrcoryctes  MenJieamiS  HofEm.  Found  in 
deep  springs  and  wells  ;  they  seem  to  feed  on  the  roots  of  plants. 

Fam.  Tubificidse.  Aquatic  worms,  provided  with  four  rows  of  simple  or 
divided,  hooked  seta^.  Hair-like  setae  may  also  be  present.  The  receptacula 
are  in  the  9th,  10th,  or  11th  segment.  They  live  in  mud  tubes,  from  which 
they  protrude  the  posterior  end  of  the  body.  Tuiifex  rividorvm  Lam.  The 
heart  is  in  the  7th,  the  receptacula  in  the  9th  segment.  T.  Bonncti  Clap. 
(Seenwis  varierjata  HofEm.)  The  heart  in  the  8th,  receptacula  in  the  10th 
segment  ;  both  species  live  in  fi-esh  water.  LiDuuidrilm  Hoffmeistcri  Clap., 
L.  Udekem  lanm  Clap.  Is  distinguished  from  Tuhifcx  hj  t\xQ  presence  of 
hair-like  setae  in  the  upper  row  of  sette.  Lnvihvicnlvs  variegatns  0.  Fr.  Miill. 
Every  segmeiit  is  provided  with  a  contractile  vascular  loop  and  saccular 
contractile  appendages  of  the  dorsal  vessel. 

Fam.  Naideae.  Small  Limirolce  with  dehcate  thin  skin  and  clear,  almost 
colourless,  blood.    The  prsestomium  is  often  elongated  like  a  proboscis  and 
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fused  with  the  mouth  negment.    .Xais  {Stularia)  proho.rUlea  0.  Fr.  Miill 
A.  jmranta  Schm.    Botli  species  have  filiform  pn^ston.ium.  Cha-toaa,tcr 
vermicularls  O.Yi-.msXi. 

Sub-class  2, — Gephyrea.* 
IVorms  with  cylindrical  body,  loithout  external  seyrmniation,  with 
terminal  or  ventral  mouth;  with  cerebral  yamjlion,  a^opha.,jeal  rimj 
and  ventral  cord.    Setui  are  sometimes  pi-esent. 

The  Gephyrea  possess  an  elongated  cylindrical  body  and  live,  as  do 
the  Ilolothuria,  in  sand  and  ooze  in  the  sea.  The  characters  which 
distinguish  them  as  Annelids  are  the  possession  of  an  oesophageal 
ring  connected  with  a  cerebral  ganglion  and  of  a  ventral  cord  par- 
tially surrounded  by  ganglion 
cells.  The  larvae  of  the  Chai- 
tifera  present  traces  of  se_g- 
.  mentation  (see  below,  p.  301), 
while  in  the  Achceta  the  body 
cavity  remains  simple.  Of  s'ense 
organs,  eye  spots  have  been 
observed;  these  in  certain 
Sipunculidce  lie  directly  upon 
the  brain ;  there  are  also  dermal 
papillae,  into  which  nerves 
enter. 

The  structure  of  the  integu- 
ment is  similar  to  that  of  the 
Annelida;    the    thick  upper 
„-      cuticular   layer   rests  upon  a 
cellular  matrix,  and  is  not  un- 
FiG.  311.— Young  Echiurus  f rorajthe  ^ventral  frequently  wrinkled.    There  is 

side  (after  Hatschek).    0,  Mouth  at  the  base  i  -  j.-  mi 

of  the  proboscis;  sc,  oesophageal  commis-  external  segmentation.  The 
sure ; -BS,  ventral  cord. ;  ^,  anus ;  s^,  hooks,     connective  tissue  dermis  is  of 

considerable  thickness  and  en- 
closes numerous  glandular  tubes,  which  open  to  the  exterior  by  pores 
in  the  epidermis.  Below  this  is  the  strongly  developed  dermal  muscular 
tunic,  which  is  regularly  composed  of  an  outer  layer  of  circular  fibres 

*  Quatrefages,"  Memoire  sur  I'Bchiure,"  Ann.  dcs  Sc.  JVat.,  3  Ser.,  Tom  VII. 
Lacaze-Duthiers,  "  Eecherches  sur  le  Bonellia,"  Ann.  dcs  Sc.  37/f..  18.58. 
W.  Keferstein,  "  Beitriige  zur  auatomischen  und  sj^stematischen  Kcimtniss  der 
Sipunculideii,"  Zeitsehr  fur  wiss.  Zoulogic,  Tom  XV..  1865.  B.  Hatschek, 
"  Ueber  Entwickelungsgeschichte  des  Echiurus,"  etc.  Wien,  1880.  J.  W. 
Sperigel,  "Beitrage  zur  Kemitniss  der  Gephyreen.  I.  MittJu-il.  avs  der  zoolo- 
gisclwn  station  zu  Neaj^iel,  1879  ;  II.  Zeitsehr,  fur  n-iss.  Zoul,,  Tom  XIV.,  1881. 
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and  an  inner  layer  ,  of  longitudinal  fibres.  The  latter  are  connected 
with  the  former  and  also  amongst  themselves  by  net-like  anastomoses. 
These  dermal  muscles  cause  the  folds  of  the  cuticle.  Internally  to 
the  longitudinal  muscles  there  is  another  layer  of  circular  muscles. 
In  the  Chcetifera  two  hooked  setse  are  present  near  the  genital 
opening  (fig.  311);  these  assist  locomotion.  There  may  also-  be 
present  one  or  two 
circles  of  sette  at  the 
posterior  end  of  the 
body  (^Echiiorus). 

In  the  Chcetifera 
(fig.  311),  the  ante- 
rior- pai't  of  the  body 
is  elongated  to  form 
a' kind  of  proboscis, 
which  projects  im- 
movably and  cor- 
responds to  the 
prfeoral  lobe  (prse- 
stomium)  of  the 
Annelida.  The 
mouth  is  placed 
ventrally  at  the 
base  of  the  probos- 
cis. In  the  Achceta 
[Sipunculidce)  this 
proboscis  is  want- 
ing ;  the  mouth  is 
placed  at  the  ex- 
tremity of  the  an- 
terior region  of  the 
body,  which  is  sur- 
rounded with  cili- 
ated tentacles,  and 
can  be  i-etracted  by 
means  of  retractor 
muscles  (fig.  312). 

Alimentary  canal. — The  mouth  opens  into  a  pharynx,  which  is 
sometimes  furnished  with  teeth ;  this  is  followed  by  a  ciliated  intes- 
tinal canal,  which  is  usually  longer  than  the  body  and  disposed  in 
coils  in  the  body  cavity.    The  terminal  portion  of  the  intestine  is 


Fig.  312. — Sipiniciihis  iiKdns,  \fuCi  open  from  the  side  (after  W. 
Kefei-steiu).  Te.  Tentacles  ;  G,  cerebral  ganglion  ;  !■'(?,  ven- 
tral nerve  cord ;  D,  intestine ;  A,  anus  ;  BD  brown  tubes 
(ventral  glands) . 
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muscular  and  opens  to  tl.e  exterior  l,y  a  termi,ial  or  dorsally  phu^ed 
anus  (fig.  312). 

The  vascular  system  is  probably  in  communication  with  the  body 
cavity;  it  consists  of  a  dorsal  vessel,  which,  as  in  the  Annelvla 
accompanies  the  alimentary  canal,  and  of  a  ventral  vessel  runnin-' 
along  the  body  wall.  There  are  also  branches  on  the  alimentary  canal 
and  m  the  tentacles.  The  blood  is  either  colourless  or  red,  and  moves 
in  the  same  direction  as  in  the  Annelids,  the  current  being  maintained 
both  by  the  contraction  of  certain  parts  of  the  vessels  and  by  the 
cilia  which  line  the  walls  of  the  vessels.  Tlie  corpusculated  fluid  of 
the  body  cavity  differs  from  this  vascular  blood. 

Excretory  organs.— There  are  two  sets  of  organs,  both  of  which 
may  be  interpreted  as  segmental  organs.  One  kind,  the  anal  vesicles 
(fig.  314c,  Ab),  are  only  present  in  the  Chceti/era  ;  they  have  the  form 
of  a  pair  of  tufted  tubes,  which  open,  on  the  one  hand,  into  the 
body  cavity  by  numerous  ciliated  funnels  and,  on  the  other,  into  the 
rectum.  The  other  kind,  known  as  the  brow7i  tubes  (fig.  312,  Bd) 
or  ventral  glands,  are  placed  (one  or  more  pairs)  in  the  anterior  part 
of  the  body  ;  they  also  open  into  the  body  cavity  by  a  ciliated  funnel, 
and  to  the  exterior  on  the  ventral  surface.  The  latter,  like  the  seg- 
mental organs  of  Annelids,  assume  the  function  of  seminal  vesicles 
and  of  oviducts. 

Generative  organs.— The  Gephyrea  are  of  separate  sexes.  There 
are,  however,  remarkable  variations  both  in  the  generative  glands 
and  their  ducts.  In  Phascolosoma  amongst  the  Achceta  (according 
to  Theel)  the  generative  glands  lie  at  the  root  of  the  ventral  retractor 
muscles  of  the  proboscis,  and  form  a  ridge  from  which  the  generative 
products  are  set  free.  Spermatozoa  or  ova  in  various  stages  of 
development  are  found  in  the  body  cavity,  and  thence  are  carried  to 
the  exterior  through  the  two  brown  tubes  (segmental  organs)  which 
open  on  the  ventral  side. 

In  Bonellia  among  the  Ghcetifera  the  ovary,  which  has  the  form  of 
a  thin  cord  (fold  of  the  body  wall)  in  the  posterior  half  of  the  body, 
is  attached  by  a  short  mesentery  to  the  nerve  cord.  From  the  ovaiy 
the  ova  fall  into  the  body  cavity,  and  thence  pass  into  the  neigh- 
bouring single  uterus  (fig.  314,  b,  TJ),  which  is  provided  at  its  base 
with  a  trumpet-shaped  opening  (Tr)  and  opens  to  the  exterior  on 
the  ventral  surface  behind  the  mouth.  This  uterus  ought  probably 
to  be  considered  morphologically  as  a  segmental  oi-gan,  which  has 
only  been  developed  on  one  side.  The  generative  organs  of  the 
small  Tui'bellai'iau-like  males  which  are  met  mth  in  the  uterus  of 
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the  female  of  Bonellia  have  the  same  relations  (fig.  313).  These 
nuliinentavy  males  are  furnished  (in  many  species)  with  two  ventral 
hooks,  in  front  of  Avhich  in  the  anterior  region  is  placed  the  external 
opening  of  the  vas  deferens.  The  vas  deferens  corresponds  to  the 
uterus  of  the  female,  and  is  in  like  manner  provided  with  an  internal 
opening  into  the  body  cavity.  In  Echiurm  there  are  two  pairs  of 
hvovm  tubes,  which  function  as  generative  ducts  and  reservoirs. 
In  Thalassema  there  are,  according  to  Kowalevski,  three  pairs  of 
such  tubes. 

The  development  shows  many  points  of 
similarity  with  that  of  the  Annelida.  Be- 
tween the  Achceta  and  Chcetifera,  however, 
there  are  considerable  differences.  In  both 
cases  a  metamorphosis  foUows  the  embryonic 
development.  The  larvae  resemble  Loven's 
larva  "(larva  of  Polygordius) ;  but  in  the 
Achceta  they  are  characterised  by  a  great  de- 
generation of  the  apical  region  (prseoral  lobe) 
and  the  absence  of  a  prseoral  band  of  cilia. 

The  remarkable  larva  known  as  Actino- 
trocha,  which  is  the  you.ng  stage  of  the 
tubicolous  genus  Phoronis*  is  distinguished 
by  the  possession  of  a  contractile  prfeoral  lobe, 
behind  which  there  is  a  circle  of  ciliated  ten- 
tacles forming  a  collar. 

The  Gephyrea  are  aU  marine.  Some  of 
them  live  in  sand  and  ooze  at  considei-able 
depths,  also  in  holes  in  the  rocks  and  in 
crevices  between  stones  and  corals,  and  in 
the  shells  of  snails.  Their  food  is  similar  to 
that  of  Holothurians  and  many  tubicolous 
Annelids. 


Order  1. — Ch.etifera  =  Echiuroidea. 


Fig.  313.  —  Planarian  -  like 
male  of  Bonellia  (after 
Spengel).  D.  Intestine; 
WT,  ciliated  funnel  of  the 
vas  deferens  (Fd),  which 
is  flUed  with  sperm. 

Gephyrea  characterised  hy  the  2>i'esenGe  of  two  strong  hooked  setce 
on  the  ventral  side  and  hy  a  terminal  anus.  The  mouth  is  placed  at 
the  ha.se  of  the  prmoral  lohe,  lohich  is  develop)ed  into  a  prohoscis. 

The  Echiuroidea  or  chfetiferous  Gephyrea  present  no  external 
segmentation  of  their  elongated  and  contractile  body;  they  have, 
however,  in  the  young  state  the  rudiments  of  15  metameres.  This 
*  There  should  be  a  third  order  of  Gcpliiirea  for  these  animals. 
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fact,  as  well  as  the  formation  of  the  pra^oral  lobe  and  tJie  develop- 
nient  of  the  ventral  hooked  set^e,  points  to  a  close  relationship  with 
the  Chcetopoda.  In  the  adult  animal,  however,  the  internal  segmen- 
tation IS  very  little  maiked.  The  dissepiments,  with  the  exception 
of  the  first,  which  forms  a  partition  between  the  head  and  the  body, 
are  lost,  and  the  segmentation  of  tlie  ventral  cord  is  only  indicated 
by  the  distribution  of  the  nerves.  The  supra-Q3sophageal  ganglion 
remains  at  the  apical  region  of  the  pneoral  lobe  (proboscis) ;  hence 
the  oesophageal  commissures  are  exti-aordinarily  long. 

The   strongly   developed   prajoral  lobe   forms  a  proboscis -like 


Fig.  314. — a,  female  of  Bonellhi  viricHs  (after  Lacaze-Duthiers).  h,  Interment  and  generative 
organs  after  the  intestine  has  been  removed.  Sd,  Cutaneous  glands  ;  Ab,  anal  vesicle'; 
Ad,  rectum  ;  Ov,  ovary  ;  Tr,  ciliated  funnel  of  the  uterus  (U).  c,  Anatomy  of  Bonellia 
viridin  (after  Lacaze-Duthiers) .  D,  alimentary  canal  with  anal  vesicles  (Ab) ;  M,  mesen- 
tery ;  V,  uteras ;  R,  proboscis. 

appendage  which  may  develop  to  a  considerable  length  and  become 
forked  [Bonellia)  (fig.  314  a). 

A  pair  of  hooked  seta?  (with  reserve  setfB  in  the  sheath  of  each 
seta)  are  always  present  on  the  first  segment  of  the  body.  In 
Echiurus  there  are  also  one  or  two  circles  of  setfe  at  the  posterior 
end  of  the  body.  There  are  from  one  to  thi-ee  pairs  of  anterior 
segmental  organs  (so-called  brown  tubes  or  ventral  glands),  which 
open  on  the  ventral  surface  and  are  used  for  the  passjige  outwards 
of  the  geneiative  products.    Besides  these  there  is  also  a  pair  of 
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posterior  segmental  organs  (anal  vesicles,  tig.  314,  Ab)  m  the 
terminal  segment,  each  of  which  has  a  number  of  peritonea) 
funnels  and  opens  into  the  rectum.  In  Bonellia  the  segmental 
organ  which  performs  the  function  of  uterus  is,  like  the  ovary, 

single  (tig.  314  ft). 

Development.— The  development  of  the  o^n.im  begins  with  an 
unequal  segmentation.  In  Bonellia  the  small  cells  of  the  animal 
pole  grow  round  the  four  large  yolk  spheres,  which  give  rise  to  the 
entoderm,  leavmg  a  small  aperture,  the  blastopore  (tig.  110).  The 
Echiurus  larva?  (fig.  315)  are  the  most  accurately  known.  They 
present  the  type  of  Loven's  larva  and  possess  a  strongly  developed 


Fig.  315.— a,  Lai-va  of  JEchiuruK  from  tlie  ventral  side  (after  Hatschek).  SP,  apical  plate; 
Prw,  pra?oral  circle  of  cilia  ;  Fow,  postoral  circle  of  cilia;  i'/j,  head-kidney  ;  Tff,  ventral 
ganglionic  cord  connected  with  the  a]iical  plate  by  the  long  oesophageal  commissures  ; 
AS,  anal  vesicle,  b.  Ventral  region  of  the  Echiurus  larva  with  segmented  mesodermal 
hands ;  SC,  oesophageal  cnmmissm-e  ;  Dsp,  dissepiments  of  the  anterior  body  segments  ; 
MS,  mesodermal  bands  ;  A,  anns. 


prseoral  circle  of  cilia  [Frw),  in  addition  to  which  there  is  also  a 
deUcate  post-oral  circle  of  cilia  {Foiv).  Early  in  lai-val  life  a  seg- 
mental organ,  the  head  kidney  or  pronephros  (^Kxi),  is  developed, 
one  on  either  side ;  and  behind  it  a  pair  of  mesoblastic  bands  makes 
its  appearance  and  gives  rise  in  the  subsequent  development  to  the 
rudiments  of  15  segments  (tig.  315  b).  In  the  terminal  segment, 
which  is  surrounded  by  a  circle  of  cilia,  there  appear  segmental 
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organs,  which  give  vise  to  the  anal  vesicles  (fig.  315  a  jLS)  The 
rudiments  botli  of  the  cei-ebral  ganglion  and  of  the  ventral  cord  are 
derived  from  growths  of  the  ectoderm,-the  former  from  the  apical 
plate,  the  latter  as  a.  paired  thickening  of  the  ventral  ectoderm.  The 
two  are  connected  by  the  esophageal  ring,  which  is  also  provided 
with  ganglion  cells.  In  older  stages,  after  the  disappearance  of  the 
segments,  the  ciliary  apparatus  begins  to  degenerate  and  finally 
vanishes;  after  which  two  strong  hooked  seta3  make  their  appear- 
ance at  the  sides  of  the  nerve  cord  not  far  from  the  mouth,  and 

two  circles  of  shorter  setai  are  formed  at 
the  hind  end  of  the  body  (fig.  316). 
The  prfeoral  lobe  of  the  larva  becomes 
the  proboscis  of  the  young  Echiurus  (fig. 
311). 

Fam.  Echiuridae.  The  anterior  end  of  the 
body  above  the  mouth  is  elontrated  into  a  pro- 
boscis, the  under  surface  of  wliich  is  grooved.  The 
long  oesophageal  commissures  lie  in  the  pro- 
boscis, and  meet  in  front  without  anj'  cerebral 
enlargement.  Anteriorly  and  on  the  ventral  side 
are  two  setEe  for  attachment,  and  on  the  postf- 
rior  end  of  the  body  there  are  sometimes  circles 
of  setaj.  The  anus  is  terminal.  Erhiimix  Pal- 
Imii  Gu6rin  {Gacrtneri  Quatref.,  St.  Vaast), 
coast  of  Belgium  and  England.  Thalasaema 
fiif/us  M.  Miill.,  Italian  coast.  BoncUta  riridiit 
Rolando,  Mediterranean.  The  males  are  small 
and  rudimentary,  and  resemble  Planarians. 
They  live  in  the  efferent  ducts  of  the  female 
generative  organs. 

Order  2. — AcHiETA=  Sipunculoidea. 

Gepliyrea  loith  terminal  mouth,  dorsally 
placed  anus,  and  toithout  setoi.  The  ante- 
rior region  of  the  body  is  retractile. 

The  Sipuncidoidea  ditfer  from  the 
chsetiferous  Gephyrea  in  their  entii-e  want 
of  all  traces  of  metameric  segmentation 
in  the  degenei-ation  of  the  prasoml  lobe 
and  in  the  position  of  the  mouth  and  anus. 
The  elongated  body  is  destitute  of  a  projecting  pra3oral  lobe,  so  thft 
the  mouth,  which  is  frequently  surrounded  by  a  circle  of  tentacles, 


Fig.  316.— Older  Eekiuras  larva 
seen  from  the  side.  The  head 
kidney  is  atrophied.  O, 
mouth ;  3f,  stomach ;  A,  anus  ; 
BK,  circles  of  setse  ;  SC,  (Eso- 
phageal commissure ;  AS, 
anal  vesicles ;  G,  cerebral 
ganglion,  developed  from  the 
apical  plate ;  T//,  ventral 
nerve  cord ;  IT,  ventral  hooks. 
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The  cerebral  ganglion,  cesophageal  ring  and  ventral  cord  run  inside 
the  dermal  muscular  tunic.  Only  one  pair  of  segmental  organs, 
known  as  brown  tubes  or  ventral  glands, 
is  present.  The  blood  vascular  system  is 
w^ell  developed. 

Development. — The  segmentation  is  com- 
plete and  is  followed  by  the  formation  of  a 
gastrula  by  invagination.  The  blastopore 
marks  the  ventral  side.  The  two  posterior 
marginal  cells*  of  the  entoderm  move  in- 
wards as  primitive  mesoderm  cells,  and  give 
rise  to  the  mesoblastic  bands  which  do  not 
undergo  segmentation.  Invaginations  of  the 
ectoderm  of  the  animal  pole  and  ventral  sur- 
face of 
the  em- 
bryo give 
rise  to 
cepha- 
lic and 
ventral 
plates 
r  e  spec- 
ti  vely, 
while  the 
remain- 
der o  f 
the  ecto- 
d  e  r  m 
cells 

grow  round  thet-e  and  form  an 
external  envelope  for  the  embryo 
of  the  nature  of  a  serous  mem- 
brane (serosa).  Cilia  project  from 
the  latter  through  the  pores  of 
the  vitelline  membrane  and  are 
Fig.  318.— Larva  of  SijnincHinn  (nfter  Hats-  employed    by    the    embryo  in 

chek).  0,  Mouth  ;  Sp,  apical  plate ;  A,  anus  ; 

PoW.  T)ostoral  circle  of  nilla-  V.  Viflnp-ir  SWimmiUff. 


Pig.  317.— Quite  young  Si- 
puncnlits  still  without  ten- 
tacles (after  B.  Hatschek). 
O,  mouth  ;  A,  anus ;  BS, 
ventral  cord ;  iV,  nephri- 
dium  (brown  tube)  ;  G, 
cei  ebral  ganglion ;  Bff, 
blood  vessel. 
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splanchnic  layers,  and  give  rise  to  the  rudiments  of  the  two  seg- 
mental organs  ;  while  the  c«sophagus  arises  as  an  invagination  of 
the  ectoderm,  and  a  postoral  circle  of  cilia  is  formed  around  its 
opening  (fag.  318).  The  serous  membrane  is  cast  off  with  the  eg^r 
membrane  and  the  larva  then  contains  all  the  essential  organs  of 
the  adult  Sipunculus  except  the  ventral  cord  and  the  blood-vessels 
At  a  later  stage,  during  the  growth  of  the  larva,  the  ventral  cord 
IS  developed  from  the  ectoderm,  the  circle  of  cilia  disappears,  the  first 
tentacles  sprout  out  at  the  edge  of  the  mouth,  and  the  metamor- 
phosis of  the  free-swimming  larva  into  the  creeping  young  Sipun- 
culus is  completed. 

Fain.  Sipunculidae.  Body  elon-atecl  and  cylindrical,  the  anterior  part  re- 
tractile, i  he  mouth  is  surrounded  with  tentacles,  and  the  anas  is  dorsal.  The 
intestine  is  coiled  spirally.  Slimmulu.^  nudm  L.,  Mediterranean.  Pka.vwlosoma 
La^ve  Ivef.,  Me  literranean.    Ph.  chmriatwn  Kef.  St.  Yaast. 

Fam.  Priapulidae.  Anterior  part  of  the  body  xvithout  circle  of  tentacles 
Pharynx  armed  with  papilhe  aad  rows  of  teeth.  Anus  at  the  posterior  end  of 
the  body  and  slightly  dorsal,  above  it  there  usually  projects  a  caudal  appen- 
dage which  l^ears  papilla-like  tubes  (branchiie).  The  intestine  is  strai-ht 
Pnajmlus  moudatns  0.  Fr.  MiiUer.  MaUcryptu^  ^rbmlosm  v.  Sieb ,  Baltic 
Spitzbergen.  ' 


Suh-class  3.-  -HlRUDINEA*  =  DlSCOPHORA,  LeECHES. 

Body  either  with  short  rings  or  not  ringed,  without  parapodia,  with 
terminal  ventrcd  sucker,  hermap)hrodite. 

The  body  of  the  Hirudinea,  so  far  as  its  external  form  is  con- 
cerned, recalls  that  of  the  Tremaloda,  with  which  group  the  Hirudinea 
have  often  been  incorrectly  connected. 

Externally  the  body  is  marked  by  a  number  of  transverse  rings, 
which  are  short  and  may  be  more  or  less  indistinct  or  even  entirely 
absent.  These  rings  correspond  in  no  way  with  the  internal  segments, 
which  are  separated  by  transverse  partitions  or  dissepiments;  but 
they  constitute  much  shorter  portions  of  the  body,  four  or  five  of  them 
corresponding  to  one  internal  segment.  The  large  sucker  at  the 
posterior  end  of  the  body  serves  as  an  organ  of  adhesion ;  and  there 
may  be  in  addition  a  second  smaller  sucker,  either  in  front  of  or 

*  Brandt  and  Ratzeburg,  "  Medicinische  Zoolopic."  1^!29.  Moquin-Tandon. 
"  Moiiogi-aphie  de  la  famille  des  Hirudinees,"'  2iid.  (idit..  Paris,  1846.  Fr. 
Leydig,  '•  Zur  Anatomic  von  Piscicola  gcometrica,"  Zriti<chr.fur  wixx.  ZooL.  Tom. 
I.,  1849.  H.  Rathke.  "  Beitragc  zur  Entwickeluiigsgeschichte  des  Hirudiiicen." 
edited  by  R.  Leuckart,  Leipzig.  18G2.  E.  Lcuckart.""'- Para-siten  des  Menschcn." 
Bd.  I.,  Leipzig,  18()3.  Van  Benedenct  Hesse.  "  Rccherches  sur  les  Bdelloides  ou 
Hirudindes  et  les  Tr6matodes  marins,"  1863.  Robin.  "  Mdmoire  snr  le  devcloppe- 
ment  enibryogcnique  des  Hirudinees."  Paris,  187"). 
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a  b 

JTiG.  319.— tt  Cephalic  region  of  Uie 
Medicinal  Leech.  The  three  jaws  are 
visible,  b.  One  of  the  jaws  isolated 
with  the  finely  serrated  free  edge. 


surrounding  the  mouth.    There  are  no  parapodia ;  and  sette,  with  a 
few  exceptions,  are  absent.    A  sharply  distinct 
head  is  never  developed,  since  the  first  rings  are 
not  essentially  different  from  those  following 
and  are  never  furnished  with  tentacles  or  cirri. 

Alimentary  canal. — The  mouth  is  situated 
near  the  anterior  end  of  the  body,  sometimes 
at  the  bottom  of  a  small  anterior  sucker 
(^RhynGhohclellidce),  sometimes  at  the  base  of  a 
projecting  spoon-shaped  hood,  which  resembles 
a  sucker  {Gnathohdellidce)  (fig.  319).  The 
mouth  leads  into  a  muscular  pharynx  provided 
with  glands.  The  anterior  part  of  the  phaiynx, 
which  may   be   distinguished   as   the  buccal 

cavity,  is  armed 
(Gnathohdelli- 
dce) with  three 
serrated  chiti- 
nous  plates  (fig. 
319,  a,  h),  or 
more  rarely 
with  a  dorsal 
and  ventral 
plate  [Branchi- 
obdellidce),  or 
it  is  provided 
with  a  protru- 

sible  proboscis,  which  lies  free  in  its  anterior  part 
{Rhynchohdellidce).  The  pharynx  leads  into  a 
stomach,  which  forms  a  straight  tube  in  the 
axis  of  the  body  and  sometimes  shows  con- 
strictions, which  coi-respond  with  the  segments ; 
sometimes  it  is  produced  into  a  larger  or  smaller 
number  of  lateral  cajca.  From  the  stomach  a 
short  rectum,  which  is  sometimes  also  provided 
with  caeca,  leads  to  the  anus.  The  anus  is  placed 
at  the  posterior  pole  of  the  body,  dorsal  to  the 
sucker. 

Excretory  organs,— Segmental  organs  are  pre- 
sent, one  pair  to  each  segment  in  the  middle 
region  of  the  body.    Their  number,  however. 


Fig.  320.— Lone^itudina 
section  through  the 
Medicinal  Leech  (after 
R.  Leuckart).  J),  in- 
testinal canal ;  O, 
cerebral  ganglion ; 
Gk,  ganglionic  chain ; 
Bx,  excretory  canals 
or  segmental  organs 
(water  vascular  sys- 
tem). 


ANNELIDA. 


varies  veiy  considerably,  since,  for  instance,  Branchiohdella  astaci, 
parasitic  on  the  gills  of  the  cray-fisli,  has  but  two  pairs,  while  the 
(xnathobdelhdce  usually  possess  seventeen  pairs. 

_  Unicellular  glands  are  present  in  the  Hirudinea  in  great  numbers 
in  the  skm  and  in  the  deeper  layers  of  the  connective  tissue.  The 
former  secrete  a  finely  granular  mucous  fluid,  which  covers  the  skin  • 
while  the  more  deeply  situated  glands,  which  lie  beneath  the  dermal 
muscular  tunic,  secrete  a  clear  viscid  substance,  which  quickly 

hardens  outside  the  body  and  is  used 
to  form  the  cocoons  when  the  eggs 
are  laid.  These  glands  are  espe- 
cially numerous  in  the  region  of  the 
genital  openings. 

A  blood-vascular  system  is  always 
present,  but  in  different  degi-ees  of 
development.  Portions  of  the  body 
cavity  are  transformed  into  vessel- 
like trunks,  and  as  a  result  of  this 
organs  which  He  in  the  body  cavity 
seem  to  be  enclosed  in  blood  sinuses. 
The  two  lateral  vessels  and  the  me- 
dian blood  sinus,  which  always  en- 
closes the  ventral  ganglionic  chain 
and  sometimes  also  the  alimentary 
canal  [Clejjsine,  Piscicola),  may  be 
interpreted  in  this  manner.  In 
most  of  the  GnathobdellidcB  the  blood 
is  red,  the  colour  being  due  to  the 
fluid  part  of  the  blood  and  not  to 
the  corpuscles. 

Special  respiratory  organs  are 
wanting,  excepting  in  JBmnchellion 
and  some  allied  leeches,  which  pos- 
sess leaf-like  br-anchial  appendages. 

The    nervous    system*   in  all 
cases    is   highly    developed.  The 
cerebral  ganglia  are  characterized  by  a  peculiar  arrangement  of 
the  nerve  cells  which  give  rise  to  swellings  on  the  surface  of  the 
ganglia  (described  by  Leydig  as  a  follicular  arrangement)  (fig.  321). 

"  Hei  'mann,  "  Das  CeTitralnervensystem  voii  Hirudo  medicinnlis  "  Miiuchen, 
1875. 


Fig.  321.— Anterior  end  of  Hirudo  (after 
Leydig).  G,  Cerebral  ganp^lion  with 
suboesophageal  ganglionic  mass;  8p, 
sympathetic ;  A,  eyes ;  Sh,  sense 
organs. 
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This  is  also  the  case  with  the  ganglia  of  the  ventral  cord,  and 
especially  vdth.  the  sub-cesophageal  ganglia,  on  which  there  are  often 
four  longitudinal  series  of  such  ganglionic  swellings,  two  median 
and  ventral,  and  two  lateral  projecting  dorsalty.  The  two 
longitudinal  trunks  of  the  ventral  ganglionic  chain  are  invariably 
closely  approached  to  one  another  in  the  middle  line,  and 
their  ganglia  are  connected  together  in  pairs  by  transverse  com- 
missures. In  the  G'tiathohdellidce  two  nerve  trunks  are  given  off  to 
the  right  and  left  fi'om  each  pair  of  ganglia,  while  from  the  brain 
and  the  last  ganglion,  which  may  be  called  the  caudal  ganglion  and 
is  formed  of  several  ganglia  fused  together,  a  much  greater  nvimber 
of  nerves  pass  off.  The  nerves  passing  off  from 
the  brain  supply  the  sense  organs  and  the  mus- 
cles and  skin  of  the  cephalic  disc  (anterior 
sucker) ;  the  nerves  of  the  ventral  chain  are 
distributed  in  their  proper  segments,  and  those 
of  the  terminal  ganglion  supply  the  ventral 
sucker.  An  unpaii-ed  median  longitudinal  cord 
(Faivre,  Leydig),  which  passes  from  ganglion 
to  ganglion  between  the  two  halves  of  the  ven. 
tral  cord,  most  probably  corresponds  to  the 
unpaired  nerve  which  Newport  discovered  in 
insects.  A  system  of  visceral  nerves  was  dis- 
covered by  Brandt.  It  consists  of  an  intestinal 
nerve,  which  arises  fi'om  the  brain  and  i-uns 
close  to  and  above  the  ganglionic  chain  and 
sends  branches  to  supply  the  cteca  of  the  in- 
testine. Three  ganglia,  which  in  the  common 
leech  lie  in  front  of  the  brain  and  send  their 
nerve  plexuses  to  the  jaws  and  pharynx,  are 
considei-ed  by  Leydig  as  enlargements  of  cere- 
bral nerves  and  very  likely  control  the  move- 
ments which  occur  in  swallowing;. 

Almost  alMeeches  possess  simple  eyes  on  the 
dorsal  siu-face  of  the  anterior  ring.  In  addition  there  are  cup-shaped 
organs  (in  Hiruclo  medicincdis  about  sixty)  on  the  cephalic  rings. 
Tliese  probably  give  rise  to  a  sense  percepticm  comparable  to  the 
sensjition  of  taste. 

Generative  organs.— The  Hirudinea  are  hermaphrodite 
many  marine  Planariu,  the  openings  of  the  male  and 


Fig.  322.  —  Generative 
apparatus  of  the  Med- 
icinal Leech.  T,  Tes- 
tis ;  Yd,  vas  deferens  ; 
Nil,  epididymis  ;  Pr, 
prostate ;  C,  cirrus ; 
Ov, ovaries  with  vagina 
and  female  genital 
opening. 


As  in 
female 


generative  organs  are  placed  one  behind  the  other  in  the  middle 
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line  of  the  anterior  region  of  the  body.  Tlie  male  generative 
opening  lies  in  front  of  the  female  and  is  usually  provided  with  a 
protrusible  cirrus.  The  testes  lie  in  pairs  in  several  successive 
segments  and  are  usually  present  in  considerable  numbers  (fig.  322). 
In  Hirudo  there  are  nine  or  ten  pairs  of  testicular  vesicles,  which 
are  connected  with  a  sinuous  vas  deferens  on  either  side.  Eacli 
vas  deferens  is  coiled  in  front  to  form  a  kind  of  epididymis  (fig. 
322,  Nh)  and  is  then  prolonged  into  a  muscular  portion,  the  ductus 
ejacidatorius,  which  unites  with  that  of  the  other  side  to  form  an 
unpaired  copulatory  apparatus.  This  is  in  connection  with  a  well- 
developed  prostatic  gland  {Pr),  and  can  be  protruded  either  as  a 
two-horned  sac  {Rhipicohdellidce)  or  as  a  long  filament  {Gnuthoh- 
dellidce).  The  female  generative  apparatus  consists  either  of  two 
long   tubular   ovaries  with  a  common   opening  to  the  exterior 

{Rhyncohdellidce),  or  of  two  short 
saccular  ovaries,  two  oviducts,  a 
common  duct  surrounded  by  an  al- 
bumin gland,  and  a  dilated  vagina 
with  the  genital  opening  {Gnathob- 
ellidce)  (fig.  323).  In  copulation 
a  spermatopliore  passes  out  of  the 
male  genital  organs,  and  is  either 
received  into  the  vagina  of  the 
other  animal  or  at  least  becomes 
attached  within  the  genei-ative 
opening.  In  any  case  the  fei'tili- 
zation  of  the  o\Tim  takes  place  with- 
in the  body  of  the  mother.  The  egg 
is  laid  soon  after.  For  this  pm-pose 
the  animals  seek  suitable  places  on  stones  or  plants,  or  leave  the  water 
and,  as  Hirudo  medicincdis,  burrow  in  damp  earth.  At  this  period 
the  genital  rings  are  swollen  out  into  the  form  of  a  saddle,  partly  by 
the  turgescence  of  the  generative  organs  and  partly  by  the  gi'eat 
development  of  the  cutaneous  glands,  the.  secretion  of  which  is  of 
special  importance  to  the  fate  of  the  eggs  which  ai-e  about  to  be 
laid.  When  the  eggs  are  about  to  be  laid,  the  leech  attaches  itself 
firmly  by  its  ventral  sucker  and,  t^dsting  itself  about,  envelops  the 
anterior  part  of  its  body  with  a,  viscid  mass,  which  covers  especially 
the  genital  rings  like  a  girdle  and  gradually  hardens  to  form  a 
firmer  membrane.  A  number  of  small  eggs  and  a  considerable 
quantity  of  albuminous  matter  then  pass  out,  and  the  animal  with- 


FiG.^323.— (7,  Cocoon,  h,  female  genera- 
tive aijpai-atus  of  Hirudo  mediciiialis 
(after  R.  Leuckart). 
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draws  its  anterior  end  from  this  barrel-shaped  membrane,  which  is 
now  filled  and  which,  after  the  animal  has  left  it,  becomes  in 
consequence  of  the  narrowing  of  the  terminal  openings  a  tolerably 
completely  closed  cocoon.  The  number  of  eggs  contained  in  a  cocoon 
varies  but  is  never  large.  The  eggs  are  small,  yet  the  young 
leeches  when  hatched  ai-e  of  considerable  size,  those  of  the  Hirudo 
medicinalis,  for  example,  are  about  17  mm.  long,  and,  excepting 
the  fact  that  they  ai-e  not  sexually  mature,  have  essentially  the 
organization  of  the  adult  animal.  The  young  of  C'lejjsine  alone  are 
hatched  at  a  very  early  stage,  and  differ  essentially  from  the  sexvial 
animal  both  as  regards  the  shape  of  the  body  and  the  internal 
organisation.  They  have  a  simple  intestine,  are  without  the 
posterior  sucker,  and  live  a  long  time  attached  to  the  ventral 
surface  of  the  mother ;  and  it  is  not  until  they  have  received  a- 
considerable  quantity  of  newly  secreted  albuminous  matter  that 
they  obtain  an  organization  which  fits  them  to  lead  a  free  life. 

The  development  of  the  embyro  of  Clepsine  among  the  Rhyncoh- 
dellidce  and  Neplielis  and  Hirudo  amongst  the  Gnathohdellidce  is  better 
known.  The  segmentation  is  always  unequal.  The  mouth  is  formed 
early,  and  through  it,  after  the  formation  of  the  pharynx  and  intes- 
tinal canal,  the  albumen  contained  in  the  cocoon  is  taken  into  the 
intestine  of  the  growing  embryo  by  means  of  swallowing  movements 
of  the  pharynx. 

The  Leeches  live  for  the  most  part  in  water  or  temporarily  in 
damp  earth.  They  move  partly  by  "looping"  with  the  help  of 
their  suckers,  and  partly  by  swimming  with  active  undulations  of 
the  usually  flattened  body.  Many  of  them  are  parasitic  on  the  skin 
or  the  gills  of  aquatic  animals,  e.g.,  on  fishes  and  thecray-fish  ;  most 
of  them,  however,  are  only  occasional  parasites  on  the  outer  skin  of 
warm-blooded  animals.  Certain  forms  are  predaceous  and,  as  for 
QXB.m^\eAulastomum  gulo,  eat  snails  and  earthworms,  or,  like  Clepsine, 
suck  snails.  They  do  not  feed  exclusively  on  any  special  genus  of 
animals,  and  their  diet  is  not  always  the  same  in  the  different  periods 
of  theii'  existence.  Hirudo  medicincdis  in  its  young  stage  lives  on 
the  blood  of  insects,  then  on  that  of  frogs,  and  only  when  it  has 
attained  sexual  maturity  is  a  diet  of  warm  blood  necessary  to  it. 

Pam.  Rhyncobdellidse.  Leeches  with  proboscis.  Body  elongated,  cylindrical 
or  broad  and  flat  ;  with  an  anterior  and  posterior  sucker,  and  a  powerful  pro- 
trusible  proboscis  in  the  buccal  cavity  ;  with  paired  eyes  on  the  anterior  sucker 
Organs  concerned  in  the  formation  of  blood  corpuscles  occur  (so-called  valves) 
in  the  dorsal  contractile  vessel.  Pmola  Blainv.  {IcUluiohddlidm),  P  qromrtra 
L.,  on  fresh  water  fish.    P.  rcxpirans  Tr.,  with  lateral  vesicles  which  dilate  as 
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the  blood  enters.  FoutohdMa  mm-hata  L.,on  Rays.  Braiichellion  torpedinu 
hav.,  Ckpisntc  ^av.,  {(Upxhiida;),  CI.  Uocnlata  Sav.,  CI.  romplanata  Sav.,  CI 
murginata  0.  Fr.  Mull.  Ila-mentavla  mvxUuma  dc  Fil.,  //.  offiHuali,  de  Fil., 
both  ill  the  Laguncs  of  Mexico,  the  latter  used  for  medicinal  purposes.  H. 
GhilanU  de        in  the  river  Amazon. 

Fam.  Gnathobdellidae.  Leeches  with  jaws.  Pharynx  armed  with  three  fi-e- 
quently  serrated  jaws,  and  folded  longitudinally.  In  fi-ont  of  the  mouth  there 
is  a  ringed,  spoon-shaped  process,  which  forms  a  kind  of  oral  sucker.  The 
cocoon  has  a  spongy  shell.  Jln-udo  L.  Usually  with  95  distinct  rings,  of  which 
four  are  upon  the  spoou-shaped  upper  lip.  Th^  three  anterior  rings,  the  fifth 
and  the  eighth,  bear  the  five  pairs  of  eyes.  The  male  genital  opening  lies  between 
the  24th  and  25th,  the  female  between  the  29th  and  30th  rings.  The  three 
jaws  are  finely  serrated  and  can  be  moved  like  a  circular  saw  in  a  manner 
well  adapted  to  inflict  a  wound,  which  readily  heals,  in  the  external  skin 
of  man.  The  stomach  has  eleven  pairs  of  lateral  cieca,  of  which  the  last  pair  is 
very  long.  The  cocoons  are  deposited  in  damp  earth.  H.  medicinalu  L.,  with 
the  variety  distinguished  as  offirinaJis,  possesses  80  to  90  fine  teeth  on  the  free 
edge  of  the  jaws  ard  attains  a  length  of  about  six  inches.  They  were 
formerly  common  in  Germany  and  are  still  frequently  to  be  found  in  Hungary 
and  France.  They  are  cultivated  in  special  ponds  and  take  three  years 
to  attain  sexual  maturity.  Hepiinijjxis  vora-r  Moq.  Tand,  the  horse-leech. 
30  coarse  teeth  on  the  edge  of  the  ja\^  s,  which  enable  it  to  inflict  wounds  on 
soft  mucous  membranes.  The  horse-leech  is  indigenous  in  Europe,  and  espe- 
cially North  Africa.  It  attaches  itself  to  the  interior  of  the  pharynx  of  horses, 
cattle  and  men.  Aiilantinnnm  gtdo  Moq.  Taud.  Also  known  as  the  horse- 
leech, feeds  on  MoUusca.    Ncjjlu'ln  Sav.,  X.  vulf/aria  Moq.  Tand. 

Fam.  Branchiobdellidae.  The  body  in  the  extended  condition  is  nearly 
cylindiical  and  is  composed  of  few  unequally  ringed  segments.  There  is  a 
bilobed  cephalic  lobe  without  eyes,  with  a  well -developed  sucker  at  the  posterior 
end  of  the  body.  Pharynx  without  proboscis,  with  two  fiat  jaws  lying  one 
above  the  other.    Brunohiohdclla  parusltii  Henle,  B.  astaci  Odier. 


CLASS  IV.— EOTATORIA  *  =  EOTIFERA. 

With  a  retractile  ciliated  ai:>'paratus  at  the  anterior  end  of  the  body, 
with  cerebral  ganglion  and  excretory  canals;  without  heart  or  tme 
vascular  system.    The  sexes  are  separate. 

The  Rotifera  are  Worms  which  can  be  derived  from  Loven's  larva 
and  have  nothing  to  do  with  the  Arthropoda,  since  they  are  mthout 
limbs  and  do  not  develop  metameres.  The  body  of  the  Rotifera  is 
certainly  externally  segmented  and  divided  into  more  or  less  sharply 

*  Ehrenberg,  "  Die  Inf  usionsthierchen  als  vollkommene  Orgaiiismen,"  Leipzig. 
1838.  Dujardin,  "  Histoire  uaturcUe  des  Infusoires,"  Paris.  1841.  Dalrymple, 
Fliil.  Traii.-<.  Roil,  Soc.  1844.  Fr.  Leydig,  Ueber  den  Pau  unddic  .systematische 
StcUung  dcr  lihdcrthiere,"  ZeitxrJir.  fiir  iri.sx.  Zoul...  Pd.  VI..  18.54.  F.  Cohu, 
"Ueber  liMevthieve,"  Zctiehr.  fur  wiss.  Zool..  Ed.  VJl..  1S(')6.  Pd.  IX.,  18.58. 
Bd.  XII.,  18()2.  Gosse,  "Onthe  Structure.  FuTictions  and  Homologies  of  the 
Manducatory  Organs  of  the  class  Eotifera,"  PIril.  'Jniiix.,  1856.  W.  Salensky, 
"  Peitriige  zur  Entwickelungsgeschichte  des  Brachionus  urceolaris,"  ZcHxchr. 
fur  wUx.  Ziwl,  Tom.  XXII.,  1872. 
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defined  and  very  dissimilar  regions,  but  the  internal  organs  show  no 
trace  of  any  corresponding  segmentation.  There  is  therefore  no  true 
segmentation,  i.e.,  division  of  the  body  into  metameres.  It  is  usually 
possible  to  distinguish  an  anterior  region  of  the  body,  in  which"  the 
whole  of  the  viscera  are  situated,  and  a  posterior  movable  foot-like 
region,  which  terminates  in  two  opposed  pincer-like  styles  and  is 
used  both  in  locomotion  and  for  attachment.  The  broad  anterior 
portion  of  the  body,  as  weU  as  the  narrow  posterior  region,  is  often 
divided  by  transverse  constrictions  into  several  rings,  which  can  be 
drawn  into  one  another  like  the  rings  of  a  telescope  and  can  be  bent 
more  or  less  freely 


upon  one  another. 

The  anterior  cili- 
ated and  usually  re- 
tractile apparatus 
which  projects  at  the 
anterior  end,  and  is 
termed  the  trochcd 
disc,  or  from  its  like- 
ness to  a  rotating 
wheel,  the  wheel  or- 
gan, is  an  important 
characteristic  of  the 
Rotifera.  Very  fre- 
quently, especially  in 
the  parasitic  forms, 
this  trochal  disc  is  re- 
diiced,  and  in  certain 
cases  entirely  aborted 
{A2Jsilus).  In  Notom- 
mata  tardigrada  the 
trochal  disc  is  reduced 
to  a  small  ciliated 


a 


Fig  324!.-  Ifi/datina  senta  (after  F.  Cohn).  a.  Female;  b, 
male.  Sor,  Trochal  disc  ;  CBl ;  contractile  vesicle  ;  Wtr, 
ciliated  funnel  of  the  excretory  apparatus  (Ex)  ;  K,  jaws  ; 
Di;  salvary  glands  ;  Md,  stomach,  Ov,  ovary ;  T,  testis  ; 
P,  penis. 


lip  round  the  mouth;  in  HydaLina  (fig.  324)  to  the  margin  of  the 
head,  the  whole  circumference  of  which  is  ciliated.  In  other 
cases  the  ciliated  edge  projects  ovei'  the  head  and  forms  the  so- 
called  double  wheel,  e.g.,  PMlodina,  BracJdonus,  or  becomes  a 
ciliated  cephalic  shield,  e.g.,  Megalotrocha,  Tuhicolaria.  Finally,  it 
may  be  produced  into  ciliated  processes  of  various  form  [Floscularia, 
Stephanoceros).  As  a  rule,  the  cilia  form  a  continuous  border, 
starting  from  the  mouth  and  returning  to  it.    The  cilia  are  chiefly 
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concerned  in  locomotion,  but  in  addition  they  play  an  impoi-tant  part 
in  attracting  small  particles  of  food.  There  is  also  a  second  row  of 
delicate  vibratile  cilia,  extending  on  either  side  from  the  doi-sjil  edge 
of  the  trochal  disc  to  the  mouth  [parts  of  the  continuous  border  of 
cilia  just  mentioned  as  starting  from  the  mouth],  which  is  placed  on 
the  ventral  side  of  the  trochal  disc.  These  cilia  serve  to  guide  the 
small  food  particles  which  are  captured  by  the  trochal  disc  into  the 
mouth. 

Alimentary  canal.— The  mouth  leads  into  a  dilated  phaiynx  (fig. 
324),  provided  with  a  special  armature.  The  pai-ts  of  the  armature 
are  in  continual  movement,  and  serve  for  mastication.  Following 
the  pharynx  there  is  a  short  oesophageal  tube ;  this  leads  into  the 
digestive  sac,  which  is  lined  with  large  ciliated  cells.  The  anterior  or 
gastric  part  of  this  cavity  is  wide,  and  receives  two  large  glandular 
tubes,  which  may  sometimes  be  resolved  into  unicellular  glands. 
They  may  be  explained  from  theii'  function  as  salivary  or  pancreatic 
glands*  The  posterior  narrow  intestinal  part  visually  opens  into  a 
cloacal  chamber,  which  is  likewise  ciliated  and  opens  on  the  dorsal 
surface  at  the  point  where  the  foot-like  posterior  region  joins  the 
anterior  part  of  the  body.  In  some  Rotifera,  as  for  example  Asco- 
morpha,  Asjylanchna,  the  intestine  ends  blindly. 

A  blood-vascular  system  is  always  wanting,  and  the  body  cavity 
is  filled  with  a  clear  vascular  fluid.  The  structures,  erroneously 
described  by  Ehrenberg  as  vessels,  are  in  ideality  the  transversely 
striped  muscles  and  muscular  networks  beneath  the  integument. 

Respiration  is  carried  on  by  the  general  surface  of  the  body; 
special  organs  of  respiration  are  wanting. 

Excretory  organs. — The  so-called  respiratory  canals  are  excretory, 
and  correspond  to  segmental  organs.  They  consist  of  two  sinuous 
longitudinal  canals  with  cellular  walls  and  with  fluid  contents,  and 
they  communicate  with  the  body  cavity  by  ciliated  funnel-shaped 
openings  placed  at  the  end  of  short  ciliated  lateral  branches  (vibratile 
organs).  They  open  into  the  cloaca  either  du-ectly  or  by  means  of  a 
contractile  vesicle  (respiratory  vesicle). 

The  nervous  system  is  allied  to  that  of  the  Platyhelminthes.  The 
central  part  of  it  consists  of  a  simple  or  bi-lobed  cerebral  ganglion 
placed  above  the  oesophagus,  and  giving  ofi"  nerves  to  peculiar  cuta- 
neous sense  organs  and  to  the  muscles.  Eyes  are  often  present,  and 
lie  upon  the  brain  either  as  an  x-shaped  unpaired  pigment  body  or  as 
paired  pigment  spots  provided  with  refractile  spheres.  The  above- 
mentioned  cutaneous  sense  organs,  which  are  probably  tactile,  have 
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the  form  of  prominences  beset  with  hairs  and  setae,  or  even  of  tubular 
elongated  processes  of  the  skin  (respiratory  organs  of  the  neck), 
beneath  which  the  sensory  nerves  end  in  ganglionic  swellings. 

Generative  organs. — The  sexes  are  separate,  and  are  distinguished 
by  a  strongly  marked  dimorphism.  The  very  small  males  have 
neither  oesophagus  nor  intestinal  canal,  which  are  reduced  to  a  string- 
like rudiment ;  and  they  leave  the  egg  completely  developed.  Their 
generative  organs  are  reduced  to  a  testicular  sac  filled  with 
spermatozoa,  the  muscular  duct  of  which  opens  at  the  hinder  end 
of  the  body,  sometimes  on  a  papillif  orm  protuberance.  The  generative 
organs  of  the  females,  which  are  far  larger  than  the  males,  consist  of 
a  roundish  ovary  filled  with  developing  ova,  and  of  a  short  oviduct 
which  contains  one  or  but  few  ripe  ova,  and  iisually  opens  into  the 
cloaca.  Almost  all  Rotifera  are  oviparous ;  and  their  eggs  are 
distinguishable  into  thin-shelled  summer  eggs  and  thick-shelled 
winter  eggs.  They  carry  both  kinds  of  eggs  about  on  their  body, 
but  the  summer  eggs  not  unfrequently  undergo  their  embryonic 
development  in  the  oviduct.  The  summer  eggs  probably  develop 
parthogenetically,  since  at  the  season  of  the  year  when  they  appear 
the  males  are  not  to  be  found.  The  thick-shelled  winter  eggs, 
which  are  often  dark  coloured,  are  produced  in  the  autumn  and 
fertilized. 

Development. — As  far  as  the  embryonic  development  is  known,  it 
shows  a  great  agreement  with  that  of  many  Gasteropoda  (Calyptroia). 
The  ova  undergo  an  irregular  segmentation.  The  cells  proceeding 
from  the  smaller  segmentation  spheres  become  accumulated  at  one 
pole,  and  finally  enclose  the  darker  coloured  yolk  cells  completely,  so 
that  a  two-layered  embryo  is  formed.  The  cells  of  the  outer  layer 
are  much  poorer  in  granules  than  are  those  of  the  central  entoderm 
layer,  and  form  the  ectoderm.  A  depression  of  the  ectoderm  is 
formed  on  the  (later)  ventral  surface,  from  the  side  walls  of  which 
the  two  lobes  of  the  trochal  disc  grow  out  (like  the  oral  lobes  of 
mollusc  embryos).  The  hinder  portion  of  the  depression  becomes 
the  posterior  part  of  the  body,  at  the  base  of  which  a  pit  forming 
the  first  rudiment  of  the  cloaca  makes  its  appearance.  The  mouth 
and  the  anterior  part  of  the  alimentary  canal  are  developed  anteriorly 
at  the  bottom  of  the  depression.  The  ganglion  arises  from  the 
ectoderm  in  the  cephalic  region.  There  are  no  reliable  observations 
on  the  formation  of  the  mesoblast.  In  the  male  embryo  the 
development  takes  a  different  course,  the  alimentary  canal  not  being 
completely  developed.    The  free  development  takes  place  either 
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without  or  witli  an  inconsiderable  and  sometimes  retrogressive 
metamorphosis.  This  hitter  is  most  striking  in  the  Floscularidm, 
which  are  fixed  in  the  adult  state. 

The  Rotifera  principally  inhabit  fresh  water,  in  which  they  swim 
about  by  means  of  the  trochal  disc,  and  sometimes  they  attsich  them- 
selves to  foreign  objects  by  means  of  the  forked  glandular  foot. 
When  thus  attached,  they  extend  the  anterior  part  of  the  body, 
and  the  cilia  begin  to  move.  The  currents  set  up  by  the  latter 
convey  to  the  mouth  food  material,  such  as  small  Infusoria,  Algae, 
Diatoms.  Some  species  live  in  gelatinous  sheaths  and  delicate  tubes, 
othei's  {Conochilus)  are  fixed  by  theii-  foot  in  a  common  gelatinous 
mass,  and  are  united  to  form  a  free-swimming  colony,  A  relatively 
small  number  are  parasitic.  It  seems  that  many  species  are  able  to 
endure  drying,  if  it  be  not  too  prolonged. 

Fam.  Floscularidee.  Fixed  Rotifera  with  a  long  transversely  rijigecl  foot, 
usually  surrounded  by  gelatinous  coverings  and  tubes.  The  margin  of  the 
head  has  a  lobed  or  deeply  cleft  wheel-organ.  Floscvlaria prohoxcidea  Ehrbg., 
Stepha)iuc('ros  Mchhornii  Ehrbg.,  Tiibicolaria  najas  Ehrbg.,  McUcerta  i-i/u/em 
L.,  Conochilus  volvox,  Ehrbg. 

Fam.  Philodinidae.  Free,  often  creeping  (in  a  looping  manner)  Rotifera  ; 
mth  double-wheeled  rotatory  organ,  and  jointed,  telescopically  retractile  foot, 
without  gelatinous  investment.  Callidina  rlt-f/ans  Ehrbg.,  Rotifer  vulgaris 
Oken  (i?.  redivivits  Cuv.),  Pliilodina  erytliropldlialma  Ehrbg. 

Fam.  Brachionidae.  Rotifera  with  bifid  or  multifid  wheel-organ  ;  with 
broad,  shield-shaped  armoured  body  ;  and  foot  ringed,  or  with  short  segments. 
BracMomis  Baiter i  0.  Fr.  Mlill..  B.  militar/it  Ehrbg..  EneJdanis  triqnetra 
Ehrbg, 

Fam.  Hydatinidae.  Edge  of  ^\•heel-organ  prolonged  into  numerous  processes 
(multitid)  or  only  sinuous  ;  skin  delicate,  often  ringed  ;  foot  short,  usually 
forked,  with  two  setse  or  pincer-shaped.  Hydatina  Ehrbg.,  II.  scnta  0.  Fr, 
Miill.  with  Enteroplca.  lindatintv  Ehrbg.,  as  male.  Xotoimnata  tardigrada 
Ldg.,  X.  Braeliionvs  Ehrbg.,  N.  inirasita  Ehrbg. 

Fam.  Asplanclinidae.  The  sac-like  uuarmoured  body  is  destitute  of  rectum 
and  anus.  Axplanclma  Sieloldii  Ldg.,  A.  myrnieleo  Ehrbg.,  Ascomorjiha 
germanica  Ldg. 

Two  groups  of  small  animals  are  allied  to  the  Rotifera  : — (1)  the 
Echinoderidse  which  Dujardin  and  Greef  regarded  as  connecting  links  between 
Vermes  and  Arthropoda  (Behinoderes  Dvjardinii  Clap.,  E,  xetigera  Greef)  ; 
and  (2)  the  Gastrotricha  *  or  Ichthydina  [Ch^tonotus). 

♦  Compare  E.  Metschnikoff,  "  Ueber  einige  wenig  bekannte  niedere  Thier- 
formen."  Zeitsehr.  fiir  fvisx.  Zool.,  Tom.  XV.,  186i5.  Alfo  the  works  of 
H.  Ludwig  and  0.  Biitschli. 
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CHAPTER  X. 

ARTHROPODA. 

Laterally  symmetrical  animals  with  heteronomously  segmented  body 
and  jointed  segmental  api^endages ;  with  brain  {sxqwao&sophageal 
ganglia)  and  ventral  nerve  cord  (^ganglionic  chain). 

The  most  important  characteristic  which  distinguishes  the  Arthro- 
poda  from  the  closely  allied  segmented  worms,  and  is  an  essential 
condition  of  a  higher  organization  and  grade  of  life,  is  the  possession 
of  jointed  segmental  appendages  which  serve  as  organs  of  locomotion. 
In  place  of  the  unjointed  parapodia  of  the  Chcetopoda,  jointed 
appendages  more  adapted  for  locomotion  and  confined  to  the  ventral 
surface,  are  present.  Every  segment  may  possess  a  ventral  pair  of 
appendages  which,  in  the  simplest  case,  are  short  and  consist  of  only 
a  few  joints  (^Perijyatus)  (fig.  325).    While  in  the  Annelida  loco- 


PiG.  325. — Fei-iputus  capeiuis  (after  Moseley). 


motion  is  effected  by  the  movements  of  the  segments  and  undulatory 
movements  of  the  whole  body,  in  the  Arlhropoda  the  function  of 
locomotion  is  removed  from  the  chief  axis  of  the  body  to  the 
secondary  axes,  i.e.,  to  the  paired  appendages,  with  the  result  of  the 
possibility  of  a  much  more  efiicient  discharge  of  the  function.  The 
appendages  enable  the  Arthrojyoda  not  only  to  swim  and  creep  with 
much  greater  ease  and  speed,  but  also  to  execute  various  kinds  of 
more  complicated  movement,  e.g.,  running,  climbing,  springing,  and 
flying.  The  Arthropoda  are,  therefore,  true  terrestrial  and  aerial 
animals. 

The  high  development  of  the  organs  of  locomotion  as  paired 
appendages  leads  of  necessity  to  a  second  essential  property,  viz.,  to 
the  heteronomy  of  the  segmentation,  and  in  connection  with  this  to  the 
hardening  of  the  outer  layer  of  the  skin  to  form  a  fii-m  exo-skeleton. 
If  the  function  of  the  limbs  is  to  be  perfectly  discharged,  there  will 
be  need  of  a  considerable  mass  of  muscle,  the  points  of  attachment 
of  which  can  only  be  furnished  by  the  integument  of  the  body. 
The  insertions  of  the  appendages  and  their  muscles,  therefore,  require 
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rigid  surfaces,  which  are  obtained  partly  by  tlie  development  of 
internal  chitinoiis  tendons  and  plates,  and  partly  by  the  hardening 
of  the  integument  and  the  fusion  of  several  segments  to  form 
larger  armoured  regions.  It  is  only  when  the  movements  are 
simpler  and  resemble  those  of  Annelids,  that  all  the  segments 
remain  independent  and  bear  similar  appendages  along  the  whole 

length  of  the  body 
(larvae,  Myriapoda). 
In  general,  three 
regions  of  the  body 
can  be  distinguished, 
the  head,  the  thorax, 
and  the  abdomen,  the 
appendages  of  which 
possess  respectively  a 
different  structure 
and  fvinction(fig.326). 
The  head  constitutes  the  short  and  compact  anterior  region  of  the 
body,  is  covered  by  a  hard  integument,  encloses  the  brain  and  bears 
the  sense  organs  and  mouth-parts  (jaws).  The  appendages  of  this 
region  are  modified  to  form  the  antennce  and  jaws.  The  head  of 
Arthropods,  as  compared  Avith  that  of  Annelids,  contains,  besides  the 
frontal  (prteoral)  or  antennal  segment  and  the  oral  segment,  in 


Pig.  326. — Head,  thorax  and  abdomen  of  an  AcridAMtiit  seen 
from  the  side.    St,  Stigmata ;  T,  tympanum. 


Fig.  327. — Sqnilhi  vianfis.    A',  A"  Antennm;  Kf,  Kf"  the  anterior  maxillipeds  on  the 
cephalo-thorax ;  B',  B",  B'",  the  three  pairs  of  bii-amous  feet. 

addition  at  least  one  jaw  segment,  the  appendages  of  which  may,  in 
larval  life  {]Vau2)litos),  still  function  as  legs.  Usually,  however, 
several  of  the  succeeding  segments  whose  appendages  function  as 
jaws  form  part  of  the  head. 

The  middle  portion  of  the  body,  or  thorax,  is  Hke'ndse  distinguished 
by  a  relatively  intimate  fusion  of  some  or  all  of  its  segments,  as  well 
as  by  the  hardness  of  its  integument.  It  is  sometimes  sharply 
marked  off  from  the  head,  sometimes  fused  with  the  head  to  foi-m  a 
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region  of  the  body  called  the  cephalotlwrax  (fig.  327).  The  thorax 
beai's  the  appendages  which  are  of  most  importance  in  locomotion. 

The  posterior  portion  of  the  body,  or  abdomen, '  is  composed  of 
distinctly  separate  rings,  and  is,  as  a  rule,  without  appendages. 
When  the  latter  are  present,  they  serve  partly  as  aids  to  locomotion 
{abdominal  feet),  partly  for  respiration,  or  for  carrying  the  eggs  and 
for  copulation.  More  rarely,  as  for  example  in  the  scorpions,  the 
abdomen  is  divided  into  a  broad  anterior  region,  the  pr(Bahclomen, 
and  a  narrow  movable  posterior  region,  the  postahdomen. 

The  skin,  as  in  the  Annelida,  consists  of  two  different  layers, — an 
external  firm,  usually  homogeneous  chitinous  layer,  and  an  internal 
soft  layer,  which  is  composed  of  polygonal  cells  {matrix,  hypodermis) 
and  secretes  in  layers  the  at  first  soft  chitinous  cuticle  (fig.  22). 
The  latter  usually  becomes  hardened  by  the  deposition  of  calcareous 
salts  in  the  chitinous  basis,  so  as  to  form  the  firm  exoskeletal 
armour,  which,  however,  is  interrupted  between  each  segment  by 
thin  connecting  membranes.  The  various  cuticular  appendages  of 
the  skin  (fig.  22,  a,  h,  c),  which  may  have  the  form  of  simple  or 
pennate  haii'S,  of  filaments,  setse,  spines  and  hooks,  originate  as 
processes  and  outgrowths  of  the  cellular  matrix.  The  chitinous 
cuticle  together  with  its  appendages  is  from  time  to  time,  principally 
in  the  young  stage  during  the  period  of  growth,  renewed,  the  old 
cuticle  being  cast  off  as  a  continuous  membrane  (ecdysis,  oi-  moult). 

The  musculai-  system  never  constitutes  a  continuous  envelope 
but  the  muscles  are  usually  broken  up  into  segments  which  corre- 
spond with  the  segmentation  of  the  animal.  The  muscles  of  the 
body  are  arranged  in  longitudinal  and  transverse  bundles  in  the 
different  segments,  and  are  frequently  interrupted.  There  are  in 
addition  large  groups  of  muscles,  which  move  the  appendages.  The 
muscular  fibres  are  always  cross-striped. 

The  internal  organization  is  allied  to  that  of  the  Annelida,  but 
does  not  present  such  a  well-marked  internal  segmentation. 

The  nervous  system  consists  of  brain,  oesophageal  commissures 
and  a  ventral  cord.  The  latter  usually  has  the  form  of  a  ganglionic 
chain  (fig.  328),  and  is  placed  beneath  the  alimentary  canal.  Some- 
times, however,  it  exhibits  great  concentration,  and  may  have  the 
form  of  an  unsegmented  ganglionic  mass  beneath  the  oesophagus. 
The  segmentation  of  the  ventral  ganglionic  chain  presents  in  details 
the  greatest  variations;  in  general,  however,  it  corresponds  to  the 
heteronomous  segmentation  of  the  animal,  in  that  in  the  larger 
regions  of  the  body,  which  have  arisen  by  fusion  of  several  segments, 
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au  approximation  or  fusion  of  the  corresponding  ganglia  has  taken 
place.  In  one  case  only,  viz.,  in  the  Fentastomidce,  which  in  form 
and  grade  of  life  resemble  the  intestinal  worms,  the  dorsal  part  of 
the  oesophageal  commissure  is  not  swollen  out  to  form  a  cerebi-al 
ganglion,  and  the  central  parts  of  the  nervous  system  are  com- 
pressed together  into  a  common  gangli- 
onic mass  beneath  the  ojsophagus.  In 
all  other  cases  the  brain  is  a  large  gangli- 
onic mass  lying  above  the  oesophagus, 
and  connected  by  means  of  the  oesophageal 
ring  with  the  antei-ior  ganglion  of  the 
ventral  chain,  which  is  usually  placed  in 
the  head  and  is  known  as  the  suboeso- 
phageal  ganglion  (fig.  328).  The  .sense 
nerves  arise  from  the  brain,  while  the 
ganglia  of  the  ventral  chain  send  nerves 
to  the  muscles,  organs  of  locomotion  and 
the  body  covering. 

Visceral  nervous  system. — In  addition 
to  the  brain  and  ventral  ganglionic  chain, 
which  are  compai^able  to  the  cerebro-spinal 
system  of  Vertebrata,  we  can  distinguish 
in  the  larger  and  more  highly  organised 
Arthropoda  a  visceral  nervous  system 
{symjxithetic),  which  consists  of  special 
ganglia  and  plexuses  connected  with  the 
other  system  and  speciall}'  distributed  to 
the  alimentary  canal.  In  the  higher  Ar- 
tliropoda,  paii-ed  and  unpaired  viscercd 
nerves  are  very  generally  present,  both 
of  which  have  their  origin  in  the  brain. 

Sense  organs. — Eyes  are  most  generally 
distributed,  and  are  only  absent  in  a  few 
parasitic  forms.  In  their  simplest  form 
they  are  paired  or  unpaired  .structures 
placed  upon  the  brain,  provided  with  re- 
fractive bodies,  and  with  or  without  a 
simple  lens  (stemmata,  or  simple  eyes). 
The  compound  eyes,  which  are  always  paired,  are  much  more 
complicated.  They  are  distinguished  by  the  presence  of  nervous 
rods  and  crystalline  cones,  and  may  be  divided  into  faceted  eyes 


Fig.  328. — Nervous  system  of 
the  larva  of  Coccinella  (after 
Ed.  Brandt;.  Gfr,  Frontal 
ganglion ;  (?,  brain  ;  iSVjr,  sub- 
cesophageal  ganglion ;  &  to 
G",  ganglia  of  the  ventral 
chain  in  the  thorax  and 
abdomen. 
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and  eyes  with  smooth  cornea  {Cladocera).  The  former  possess 
numerous  lenses,  and  are  sometimes  placed  on  movable  stalks 
{Decapoda).  Occasionally  accessory  eyes  are  found  on  other  parts 
of  the  body,  on  the  jaws  and  between  the  legs  of  the  abdomen 
(Ev.phausia). 

Auditory  organs  are  found  most  frequently  in  the  Crustacea  as 
auditory  vesicles  with  otoliths  in  the  basal  joint  of  the  anterior 
antenna?,  or  rarely  in  the  appendage  of  the  abdomen  known  as  the 
fan  (tail  of  Mysis).  In  Insecta,  auditory  organs  of  a  very  different 
structure  have  been  discovered. 

Olfactory  organs  are  also  widely  distributed.  They  are  situated 
on  the  surface  of  the  antennae,  and  consist  of  delicate  tubes  or 
peculiar  conical  projections,  beneath  which  the  sense  nerves  end  in 
ganglionic  swellings. 

Tactile  organs.  The  antennse  and  palps  of  the  oral  appendages 
and  the  ends  of  the  limbs  have  a  tactile  function.  These  parts  are 
provided  with  peculiar  hairs  and  setse,  beneath  which  nerves  end  in 
ganglionic  swellings. 

Alimentary  canal. — An  independent  digestive  apparatus  is  always 
present,  but  its  structiu'e  and  degree  of  development  are  very 
various.  The  ahmentary  canal  is  only  exceptionally  degenerated 
and  absent  {J^hizocepliala).  The  mouth  is  placed  on  the  ventral 
surface  of  the  head.  It  is  furnished  with  a  projecting  vipper  hp, 
and  usually  with  paired  appendages,  which  are  used  either  for 
masticating  or  for  piercing  and  sucking.  A  narrow  or  wide 
oesophagus  leads  into  the  intestine,  which  either  simply  traverses  the 
axis  of  the  body  or  is  disposed  in  several  coils.  The  oesophagus  and 
midgut  (chyle  stomach)  may  even  be  divided  into  several  regions, 
and  may  possess  saUvary  glands  and  hepatic  appendages  of  various 
size. 

Excretory  organs. — Urinary  organs  are  widely  distributed.  In 
the  simplest  form  they  appear  as  cells  on  the  surface  of  the  intestine 
(lower  Crustacea),  in  a  more  highly  developed  sta,te  as  tubular 
filiform  diverticula  of  the  hindgut  {Malpighian  tubes)  (fig.  329).  In 
the  Crustacea,  glands  are  present  in  the  shell  {shell  glands)  and  in 
the  base  of  the  posterior  antennae;  they  are  regarded  as  the 
morphological  equivalents  of  segmental  oi-gans. 

The  circulatory  and  respiratory  organs  present  the  greatest 
differences  in  the  various  groups  of  the  Arthropoda.  In  the 
simplest  case  the  clear,  more  rarely  coloured  blood  fluid,  which  is 
often  corpusculated,  fills  the  body  cavity  and  the  interstices  of  all 
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the  organs,  and  is  circulated  in  an  irregular  manner  by  the  move- 
ments of  the  different  parts  of  the  body.  Not  unfrequently  {Achtheres 
and  Cyclops)  the  cii-culation  is  effected  by  the  regularly  repeated 
movements  of  certain  organs  (intestine,  vibratile  plates,  etc.);  in 
other  cases,  a  short  saccular  heart  is  present  dorsally  above  the 
intestine  ;  or  a  long  vascular  tube  (the  dorsal  vessel),  divided  into 
chambers,  serves  as  a  propelling  organ.    From  this,  vessels  (arteries) 

may  arise,  which  conduct  the  blood  in 
definite  directions.  Vessels  for  retm-ning 
the  blood  (veins)  may  also  be  present. 
These  either  begin  in  the  body  cavity, 
or  are  connected  with  the  ends  of  the 
arteries  by  capillary  vessels.  The  vascular 
system  seems  never  to  be  completely 
closed,  since  even  when  the  circulation  is 
most  complete,  lacunar  spaces  of  the  body 
cavity  are  fo\ind  inserted  in  the  course 
of  the  vessels. 

Respiration  is  very  frequently  effected, 
especially  in  the  smaller  and  more  deli- 
cate species  of  Arthro2}oda,  by  means  of 
the  entire  surface  of  the  body.  In  the 
larger  aquatic  forms,  the  function  of  respi- 
ration is  assumed  by  special  tubular, 
usually  bi-anched  appendages  of  the  limbs 
(branchice) ;  while  in  the  air-breathing 
Insects,  Centipedes,  Scorpions,  and  Spiders, 
respii'ation  is  performed  hy  means  of  in- 
ternal branched  tubes  filled  with  air 
[trachecti)  or  by  pulmonary  sacs  {fan 
trachece). 

The  reproduction  of  the  Arthrojjoda  is 
usually  sexual,  but  sometimes  takes  place 
by  the  development  of  unfertilized  ova 
(jyarthenogenesis).  Ovaries  and  testes  are  in 
their  origin  paired,  as  are  also  the  gene- 
rative ducts,  which  often  have  a  common  terminal  portion  and 
open  by  a  median  generative  aperture  (Insecta,  Arac/moidea).  With 
a  few  exceptions  {Cirripedia,  Tardigrada),  the  sexes  are  sepamte. 
Males  and  females  frequently  differ  essentially  in  their  entire  form 
and  organization.     In  rare  cases,  for  example  in  the  parasitic 


Fig.  329.— Alimentary  canal  of 
Pontia  brassicfB  (after  iVew- 
port).  R,  Proboscis  (Maxillse) ; 
Sp,  salivary  glands  ;  Oe,  oeso- 
phagus ;  S,  sucking  stomacti ; 
My,  Malpighian  tubes ;  Ad, 
rectum. 
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Crustacea,  there  is  such  a  luai'ked  sexual  dimorphism  that  the  males 
remain  small  and  dwarfed,  and  are  attached  like  parasites  to  the 
body  of  the  female.  During  the  act  of  copulation,  which  is  often 
limited  to  the  external  union  of  the  two  sexes,  the  spermatophores 
are  fastened  to  the  female  genital  segment  or  thrust  into  the  vagina 
by  the  organ  of  copulation,  whence  they  sometimes  pass  into  a 
special  receptaculum  seminis.  Most  Arthropoda  are  oviparous,  but 
in  almost  every  group  there  are  viviparous  forms.  The  eggs  are 
frequently  carried  about  by  the  mother,  or  deposited  in  protected 
places  where  food  may  easily  be  obtained.  The  embryonic  development 
[i.e.,  development  within  the  egg)  is  characterised,  except  in  the  case 
of  the  small  stout  embryos  of  the  Cyclopidce,  Pentastomidce  and 
Acarina,  by  the  presence  of  a  ventrally  placed  primitive  streak,  from 
which  especially  the  ganglionic  chain  and  the  ventral  parts  of  the 
segments  proceed.  The  more  or  less  complex  embryonic  development 
is  usually  followed  by  a  complicated  metamorphosis,  during  which 
the  young  form  as  larva  undei-goes  several  ecdyses.  Numerous  seg- 
ments and  parts  present  in  the  adult  are  not  unfrequently  wanting  in 
the  just-hatched  larva ;  in  other  cases,  all  the  segments  of  the  adult 
are  indeed  present,  but  are  not  as  yet  fused  together  to  form  regions. 
In  such  cases,  the  larvis  resemble  the  Annelida  in  their  homonomous 
segmentation,  and  in  their  locomotion  and  mode  of  life.  The  meta- 
morphosis may  however  be  retrogressive ;  the  larvte  are  hatched  with 
sense  organs  and  appendages,  but  in  the  further  course  of  develop- 
ment they  become  parasitic,  lose  their  eyes  and  organs  of  locomotion, 
and  develop  into  strange  unsegmented  (Lernoice)  or  entozoon-like 
(Fentastomidce)  forms. 

The  Arthropoda  are  no  exception  to  the  general  rule  that  the 
aquatic  forms  which  breathe  by  gills  are  lower  and,  from  a  genetic 
point  of  view,  older  than  the  air-breathing  members  of  the  same 
group,  inasmuch  as  the  Branchiata  or  Crustacea  are  the  older,  the 
Tracheata  the  younger  types. 


CLASS  I. -CRUSTACEA.* 


Aquatic  Arthrojwda,  which  breathe  by  means  of  gills.  They  have 
two  pairs  of  antennce ;  numerous  paired  legs  on  the  thorax,  and 
usually  also  on  the  abdomen. 

*  Milne  Edwards,  "  Histoire  naturelle  des  Crustaces,"  3  vol.  and  atlas,  1838- 
1840.  C.  Clans,  "  Untersuchungen  zur  Erforscbiing  der  genealomsclien  Grund- 
lage  des  Crustacecnsystema,"    Wien,  187(;. 
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The  Crustacea,  whose  name  is  derived  fi-om  the  body  covering 
(which  is  often  hardened),  are  principally  aquatic  animals.  Some 
forms,  however,  can  live  on  land,  and  possess  respiratory  organs 
adapted  for  breathing  air.  An  important  character  of  the  group 
is  the  great  number  of  paired  appendages.  The  appendages  of  all 
the  segments,  even  those  of  the  head,  may  be  used  in  locomotion 
(fig.  330).  As  a  rule,  the  head  fuses  with  the  thorax,  or  at  any  rate 
with  one  or  more  of  the  thoracic  segments,  to  form  a  cejMothorax ; 
which  is  followed  by  the  remaining  free  thoracic  segments.  Some- 
times, however,  these  two  regions  of  the  body  remain  distinct.  The 
head  and  thorax  are  seldom  so  sharply  marked  off  from  one  another 
as,  for  example,  in  the  Insecta :  usually  certain  appendages,  the 
so-called  maxillipeds,  occupy  an  intermediate  position  between  legs 
and  jaws,  and  being  placed  at  the   boundary  between  the  two 

regions  may  be  rec- 
koned either  as  be- 
longing to  the  head 
or  the  thorax.  The 
fusion  of  the  seg- 
ments may  be  very 
extensive ;  not  only 
may  the  head  and 
thorax  be  united, 
but  the  boundary  be- 
tween thorax  and 
abdomen  may  vanish, 
and  the  segmentation 
may  even  disappear.  As  a  general  rule,  the  form  of  the  body 
presents  extraordinary  differences  in  the  various  groups.  A  reduj)li- 
cature  of  the  skin  arching  over  the  thorax  and  covering  the  body  as 
a  shell  is  frequently  present.  This  fold  of  the  integument  constitutes, 
in  exti'eme  cases,  a  mantle-like  investment,  which  may  develop 
calcareous  plates  and  occasion  a  certain  I'esemblance  to  Lamelli- 
branchs  {Cirripedia).  In  other  cases  the  body  has  quite  lost  its 
segmentation,  and  the  animal  resembles  a  worm  {^Lerna'ce,  Saccidina). 

On  the  head  there  are  usually  two  pairs  of  antenn:>3,  which 
function  as  sense  organs  and  sometimes  also  as  organs  of  locomotion 
or  of  prehension.  There  is  a  pair  of  large  jaws  (the  mandibles),  one 
on  each  side  of  the  mouth,  over  which  a  small  plate,  known  as  the 
upper  Up,  often  projects.  The  mandibles  are  simple  but  very  x'igid 
and  hard  masticating  plates,  which  are  usually  toothed  and  correspond 


Fig.  iZO.—Gaminariis  neglectus  (after  G.  O.  Sars).  A',  A", 
The  two  autennaj ;  Kf,  maxilliped ;  P  F~,  first  to  seventh 
thoracic  feet ;  Sf,  anterior  swimming  feet. 
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morphologically  to  the  coxal  joint  of  a  limb,  the  following  joints 
developing  into  a  palp-like  appendage  {mandibular  palp).  Then 
follow  one  or  more  pairs  of  weaker  jaws  [maxillce),  and  one  or 
more  paii-s  of  maxillipeds,  which  more  or  less  resemble  the  legs 
and,  in  parasitic  forms,  are  often  used  for  adhering  (fig.  331).  In 
parasitic  forms,  the  upper  and  under  lips  not  unfrequently  give  rise 
to  a  suctorial  probos^cis,  in  which  the  stylif orm  mandibles  are  placed. 
The  appendages  of  the  thorax,  of  which  at  least  three  pairs  are 
present  (Ostracocla),  present  an  extremely  various  structure,  in 
accordance  with  the 
mode  of  life  and  the 
use  made  of  them. 
They  are  either  broad 
leaf  -  shaped  swimming 
feet  [PhyllojJoda),  or  bi- 
ramous  appendages 
((Jopepoda) ;  they  may 
serve  to  produce  currents 
in  the  water  like  the 
feet  of  the  Cir7~ipedia, 
or  they  may  be  used  for 
crawling,  walking,  and 
running  {Isopoda,  Deca- 
poda).  In  the  latter 
case,  some  of  them  end 
with  hooks  or  chelae. 
Finally  the  appendages 
of  the  abdomen,  which 
frequently  itself  moves 
in  toto  and  assists  in 
locomotion,  are  either 
exclusively  locomotory 
as  jumping  or  swim- 
ming feet  {Amphi2)oda), 
in  which  case  they  usually  differ  from  the  appendages  of  the  thorax ; 
or  they  serve  with  their  appendages  for  respiration,  as  well  as  for 
carrying  the  eggs,  and  for  copulation  [Decajwda). 

The  internal  organization  is  not  less  vaiied  than  is  the  external 
form. 

In  the  lower  forms,  the  nervous  system  often  consists  of  a 
ganglionic  mass,  which  surrounds  the  oesophagus  and  is  not  further 


Pig.  331. — Young  stage  Qarva)  of  the  Lobster  (after  G" 
O.  Sars).  a.  The  larva  seeu  from  the  side ;  M,  ros- 
trum ;  A!,  A",  antennifi ;  Kf"  third  maxilliped ; 
F',  anterior  ambulatory  leg.  h,  mandible  with  palp ; 
c.  anterior  maxilla  with  two  blades  and  palp ;  d,  pos- 
terior maxilla  with  vibratile  plate  (scaphognathite) ; 
e,  first,  /,  second  maxilliped. 
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segmented.  This  ganglionic  mass  corresponds  to  the  brain  and 
ventral  cord  and  gives  off  all  the  nerves.  In  the  higher  Crustacea, 
a  distnict  brain  and  ventral  ganglionic  chain,  which  is  usuiilly 
elongated  and  of  very  varied  form,  as  well  as  a  rich  plexus  of 
visceral  nerves  and  ganglia  of  the  sympathetic  system  are  always 
present. 

Of  sense  organs,  eyes  are  the  most  widely  distributed.  They 
may  have  the  form  either  of  simple  eyes  (paired  or  unpaired),  or 
compound  eyes  with  smooth  or  faceted  cornea;  in  the  latter  case 
they  are  often  placed  on  movable  stalks,  which  are  attached  to  the 
lateral  regions  of  the  head.  Auditory  organs  are  also  present  usually 
in  the  basal  joint  of  the  anterior  antenna,  rarely  in  the  caudal  plate 
at  the  posterior  end  of  the  body  {Mysis).  The  deHcate  hairs  and 
filaments  of  the  anterior  antenna  are  probably  olfactory  organs. 

The  digestive  canal  is,  as  a  rule,  straight,  extending  from  the 
mouth  to  the  anus  at  the  posterior  end  of  the  body.  In  the  higher 
forms  the  oesophagus  is  usually  dilated  in  front  of  the  mesenteron 
(midgut)  into  a  stomach  or  crop,  which  is  armed  with  chitinous 
plates.  The  mesenteron  is  provided  with  simple  or  ramified 
hepatic  caeca. 

Excretory  organs.— The  so-called  shell  glands  of  the  lower 
Crustacea  are  regarded  as  urinary  organs,  as  are  also  the  glands 
opening  at  the  base  of  the  posterior  antenna  in  the  Malacostraca. 
In  the  Entomostraca  the  latter  are  only  preserved  during  larval  life. 
Short  tubes,  which  correspond  to  the  Malpighian  tubes  of  the 
Tracheata,  may  also  be  present  on  the  rectum  i^Ampldiyoda). 

The  circulatory  organs  present  every  possible  degree  of  perfection, 
from  the  greatest  simplicity  to  the  highest  comiDlication  of  an 
almost  closed  system  of  arterial  and  venous  vessels.  The  blood  is 
usually  colourless,  but  is  sometimes  green  or  even  red,  and  as  a 
rule  contains  cellular  blood  corpuscles. 

Respiratory  organs  are  either  entirely  wanting,  or  are  repre- 
sented by  branchial  tubes  on  the  thoracic  or  abdominal  appendages. 
In  the  first  case  they  are  often  contained  in  a  special  branchial 
cavity  at  the  sides  of  the  cephalothorax. 

Generative  organs. — With  the  exception  of  the  Cirriimlia  and 
cei-tain  Isofoda,  all  Crustacea  are  of  separate  sexes.  The  male  and 
female  generative  organs  usually  open  on  the  boundary  of  the 
thorax  and  abdomen,  either  on  the  last  or  the  antepenultimate 
thoracic  ring,  or  on  the  first  abdominal  segment.  The  two  sexes 
are  very  often  distinguished  by  a  number  of  external  characteristics. 


CEIJSTACEA. 


415 


The  males  are  smallei-,  sometimes  even  dwarfed,  and  then  attached 
to  the  females  like  parasites.  They  almost  always  possess  appa- 
ratuses for  holding  the  females  and  for  transferring  the  spermato- 
phores  during  copulation.  The  larger  females,  on  the  other  hand, 
frequently  carr'y  the  eggs  about  with  them  in  sacs,  the  membranes 
of  which  are  secreted  by  the  so-called  cement  glands. 

Development  takes  place  eithei-  directly  or  by  metamorphosis. 
The  metamorphosis  is  sometimes  retrogressive.  When  the  develop- 
ment is  direct,  the  young  animals,  on  leaving  the  egg,  already  have 
the  body  form  of  the  adult.  The  larva  known  as  the  Nawplius 
(fig.  332)  is  of  great  importance  as  a  point  of  departure.  This 
larva  possesses  an  oval  body,  on  the  ventral  side  of  which  are  present 
three  pairs  of  appendages  for  the  sense  of  taste,  the  prehension  of 
food,  and  for  locomotion.  These  appendages  correspond  to  the  two 
pairs  of  antenn?e  and  mandibles  respectively.  Parthenogenesis  is 
said  to  occur  in  certain  groups  {Phyllo- 
poda). 

Almost  all  Crustacea  are  carnivorous. 
Some  of  them  suck  the  juices  of  living 
animals  on  which  they  are  parasitic. 

For  the  systematic  review  of  tliis 
heterogeneous  group,  it  is  convenient  to 
divide  the  numerous  orders  into  t^^'o 
sei'ies. 

1.  The  small  simply  organized  Crus- 
tacea, the  nvimber  and  form  of  whose 
appendages  is  very  various,  will  be  in- 
cluded as  Entomostraca  (O.  Fr.  Mliller). 
To  this  group  belong  the  orders  Phyllo- 
j)oda,  Ostracoda,  Copepoda,  and  Cirripedia. 

2.  The  higher  Crustacea,  characterised  by  a  definite  number  of 
segments  and  appendages,  may  be  grouped  together  as  Malacostraea 
(Aristotle).  In  this  group  are  included  the  orders  of  Arthrostraca 
{Ampldpoda  and  Isopoda),  and  Thoracostraca  {Gumacea  Stomatop)oda, 
Schizopodcb,  and  Decapodci). 

In  addition  there  is  the  genus  Nebalia,  which  has  been  hitherto 
erroneously  placed  with  the  Phyllopoda,  but  which  is  to  be  regarded 
as  the  representative  of  an  ancient  group  connecting  the  Phyllojjoda 
with  the  Malacostraea,  and  may  be  opposed  to  the  latter  as  Lept- 
ostraca. 

Finally,  in  addition  to  these  chief  divisions,  there  is  a  number 


A' 


Fig.  332.— Naiiplius  larva  of 
Sal  anus,  seen  from  the  side. 
A'  First  appendage  (first  an- 
tenna); second  appendage 
(second  antenna)  ;  Mdf,  third 
appendage  (mandible) ;  Ob, 
upper  lip ;  D,  intestine. 
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of  Crustacean  orders,  for  the  most  part  fossil  and  belonging  to  the 
oldest  formations,  which  present  in  their  development  no  cei-tain 
trace  of  the  Nauplius  form  so  characteristic  of  the  true  Crustacea, 
and  are  in  all  probability  related  to  the  Arachnoidea.  These  orders, 
which  may  be  grouped  together  as  the  Gigantostraca,  are  the 
Merostomata  and  Xiphositra,  to  which  the  Trilohita  are  possibly  allied. 


1 .— ENTOMOSTRACA. 
Order  1 . — Ph  yllo  poda.  * 

Crustacea  toith  elongated  and  often  distinctly  segmented  body ; 
ViSually  with  a  flat,  shield-like  carajyace,  or  laterally  compressed  bivalve 
shell,  formed  by  a  rediqjlicature  of  the  skin.  There  are,  at  least,  four 
pairs  of  leaf-like  lobed  swimming  feet. 

The  animals  belonging  to  this  order  differ  •  very  considerably  in 
form  and  size,  in  the  number  of  their  segments  and  appendages,  as 
well  as  in  theii-  internal  structure.  They  all,  however,  agree  in 
the  structure  of  their  lobed,  leaf -like  feet.  In  their  form,  internal 
organization  and  development  they  appear  to  be  the  most  primitive 
of  Crustacea,  and  may  be  regarded  as  the  least  modified  descendants 
of  ancient  types. 

The  body  is  either  cylindrical,  elongated  and  clearly  segmented, 
mthout  free  reduplicature  of  the  skin,  e.g.  Branchijms  (fig.  333), 
or  it  may  be  covered  by  a  broad  and  flattened  shield,  which  only 
allows  the  posterior  part  of  the  body  to  project  uncovered,  e.g.  Aptts. 
In  other  cases  the  body  is  laterally  compressed  and  is  enclosed  by  a 
bivalve  shell,  from  which  the  anterior  part  of  the  head  projects 
(Cladocera)  ;  or  finally  the  laterally  compressed  body  is  completely 
covered  by  a  bivalve  shell  {Estheridca).  Sometimes  the  head  is 
more  sharply  distinct,  while  the  thorax  and  abdomen  are  not  so 
clearly  distinguishable  from  each  other.  As  a  rule,  the  posterior 
segments  only  are  without  appendages.  The  hind  end  of  the 
abdomen  is  very  often  curved  ventralwards  and  forwards,  and 
bears  two  rows  of  posteriorly  directed  claws,  the  two  last  of  which 
arise  at  the  point  of  the  caudal  appendage,  and  are  by  far  the 

*  Besides  the  works  of  O.  Fr.  Miiller,  Juri.ie.  M.  Edwards.  Dana,  comiare 
Zaddach,  '•  Dc  Apcdis  cancriformis  a.iatomo  et  historia  evolulionis.  Bonn^, 
1841.  E.  Grube.    Bemcrknngcn  iibcr  die  Pliyil.)po<lon."  Arrhirfm-  ^'Jf">ff'^' 
1853  and  18o5.    Fr.  Leydig.  •'  Monographic  dor  Daphniden.   lubuigen.  1S60. 
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strongest.  In  other  cases  a  pair  of  fin-like  appendages  are  present 
constiti^ting  the  caudal  fork  [Branchipus). 

Appendages. — On  the  head  there  are  two  pairs  of  antennas,  which 
however,  in  the  adult  animal,  may  be  rudimentary  or  peculiarly 
modified.  The  anterior  antennse  are  small,  and  bear  the  delicate 
olfactory  hairs.  The  posterior  antennae  frequently  have  the  form 
of  large  biramous  swimming  appendages,  but  in  the  male  may  also 
have  a  prehensile  function, 
e.g.,  Branchipus.  In  other 
cases  {Ap)us)  they  are  rudi- 
mentaiy  and  may  even  be 
entu'ely  absent. 

Two  large  mandibles  are 
always  present  beneath 
the  well  developed  upper 
lip;  they  possess  a  toothed, 
biting  edge,  and  in  the 
fully  developed  condition 
are  invariably  destitute  of 
palps.  The  mandibles  are 
followed  by  one  or  two 
pairs  of  shghtly  developed 
maxillae.  A  kind  of  under- 
lip  is  in  many  cases  present, 
in  the  form  of  two  promi- 
nencesbehind  the  mandibles. 

The  legs,  which  ar-e  placed 
on  the  thorax,  are  usually 
•  very  numerous,  and  are 
smaller  towards  the  poste- 
rior end  of  the  body.  They 
are  lobed,  leaf-like,  bira- 
mous structures,  and  func- 
tion as  swimming  feet ; 
they  also  assist  in  procuring 
food.  They  consist  of  the 
f ollomng  parts :  a  short  basal  portion,  which  is  usually  provided  with 
a  masticatory  process  and  is  followed  by  a  long  foliaceous  stem  with 
set£e  on  its  inner  edge  ;  this  is  continued  into  the  multilobed  internal 
branch  [endopodite]  of  the  bii-amous  limb,  AvhHe  it  bears  on  its  outer 
side  the  external  ramus  [exopodite]  with  marginal  seta3,  and  nearer 

27 


Fig.  333.— Male  of  BrancUpws  sfagnaUs.  Rff,  Heart 
or  dorsal  vessel  with  a  pair  of  slit-like  openings 
in  each  segment ;  B,  intestine ;  M,  mandible ;  Sd, 
shell  gland;  Si;  branchial  appendages  of  the 
eleven  pairs  of  legs  ;  T,  testis. 
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its  base  a  vesicular  branchial  appendage.  The  anterior,  or  even  all 
the  legs  (^Leptodora)  may  have  the  form  of  prehensile  feet,  and 
be  destitute  of  branchial  appendages. 

The  Phyllopods  possess  a  large  pair  of  eyes,  which  are  sometimes 
fused  together  in  the  median  line.  In  addition  a  small  median 
simple  eye  (Entomostracan  eye)  may  persist.  They  have  a  saccular 
or  chambered  heart,  which  controls  the  regular  circulation.  Coiled 
excretory  organs,  known  as  shell  glands,  are  sometimes  present ; 
they  open  to  the  exterior  by  a  special  aperture  on  the  posterior 
maxilla.  The  function  of  respiration  is  performed  by  the  entire 
surface  of  the  body,  the  area  of  which  is  much  increased  by  the 
I'eduplicature  of  the  skin  forming  the  carapace;  also  by  the  folia- 
ceous  swimming  feet,  and  especially  by  the  surface  of  the  branchial 
appendages. 

Reproduction. — The  Phyllopoda  are  of  separate  sexes.  The  males 
are  distinguished  from  the  females  by  the  structure  of  the  first 
pair  of  antennee.  which  are  larger  and  more  richly  provided  with 
olfactory  haii-s,  and  also  by  their  anterior  swimming  feet  which 
are  armed  with  prehensile  hooks.  In  general  the  males  are  less  fre- 
quently met  with  than  are  the  females,  and,  as  a  rule,  only  at  definite 
seasons  of  the  year.  The  females  of  the  smaller  Phyllopoda  {Clado- 
cera)  are  able  to  produce  eggs  without  copulation  and  fertilization ; 
and  these  eggs,  the  so-called  summer  eggs,  develop  spontaneously  and 
produce  generations  containing  no  males.  In  certain  genera  of  the 
Branchiopoda,  e.g.,  Artemia  and  Ajms,  parthenogenesis  is  the  rule ; 
the  males,  indeed,  have  only  been  known  a  few  years.  The  females 
usually  carry  the  eggs  about  mth  them  on  special  appendages,  or  in 
a  brood  pouch  beneath  the  shell  on  the  dorsal  surface.  The  just 
hatched  young  either  possess  the  form  of  the  sexually  mature  animal 
{Cladocera),  or  undergo  a  complicated  metamorphosis,  leaving  the  egg 
membranes  as  a  nauplius  larva  with  three  pairs  of  appendages  {Bran- 
chio2}oda). 

A  few  of  the  Phyllopoda  live  in  the  sea,  the  greater  number 
inhabit  stagnant  freshwater  ;  some  of  them  are  found  in  brine  pools. 

Sub-order  1.  Branchiopoda.*  Phyllopoda,  ^ith  clearly  seg- 
mented body,  often  enclosed  in  a  flat,  shield-shaped,  or  laterally 
compressed  bivalved  shell,  with  from  ten  to  about  thu-ty  or  more 
pairs  of  foHaceous  swimming  feet. 

*  Schaffer,  "  Der  krebsavtige  Kieferfuss,"  etc.  Regensbin^.  1756.    A  Koz^^^ 

von  Branchipus  und  Apus,"  etc.,  Gbttingcn,  1873. 
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The  alimentary  canal  is  provided  with  two  lateral  hepatic  appen- 
dages, which  I'ule,  branched  and  racemose  and  only  excep- 
tionally short  and  simple.  The  heart  appears  as  an  extended  dorsal 
vessel  with  numerous  paired  lateral  slits,  and  may  extend  throughoxit 
the  whole  length  of  the  thorax  and  abdomen  (^Byxmchipus).  The 
genital  organs,  which  are  always  paired,  are  placed  by  the  side 
of  the  alimentary  canal,  and  open  at  the  boundary  between  the 
thorax  and  abdomen.  In  the  females  the  genital  openings  are  small 
slits ;  in  the  male  there  may  be  protrusible  copulatory  organs  at  the 
openings  [Branchipus). 

The  males  are  distinguished  from  the  females  principally  by  the 
fact  that  the  anterior,  or  two  anterior  pairs  of  legs,  are  armed  with 
hooks  {Estheridce),  or  by  the  modification  of  the  posterior  antennje 
to  form  a  prehensile  apparatus  {Branchipus).  Remarkable  is  the 
rare  occurrence  of  the  males ;  they  seem  only  to  appear  under  certain 
conditions  and  in  definite  generations,  which  alternate  with  parthe- 
nogenetic  generations.  The  eggs  during  development  are  generally 
protected  within  the  body  of  the  mother,  and  are  carried  about  either 
in  a  saccular  brood-pouch  of  the  abdomen  or  between  the  valves  of 
the  shell  on  filiform  [Estheria,  BranoMpus),  or  in  vesicular  {Apus) 
appendages  of  diiferent  pairs  of  legs  (9th  to  11th).  The  eggs,  so  far 
as  is  known,  undergo  a  complete  segmentation.  When  hatched,  the 
young  animal  has  the  form  of  a  Nauplius  larva  with  three  pairs 
of  appendages,  of  which  the  anterior  (which  become  the  anterior 
antennae)  are  in  the  Estheridce  only  represented  by  slightly  de- 
veloped setigerous  prominences.  On  the  other  hand,  in  Apus  the 
thii-d  pair  is  small  and  rudimentary. 

Almost  all  the  Branchiopoda  belong  to  inland  waters,  and  prin- 
cipally inhabit  shallow  fresh-water  pools.  When  the  latter  dry  up, 
the  eggs,  preserved  in  dry  mud,  remain  capable  of  development. 
Some  species,  as  Artemia  salina,  are  found  in  brine  pools. 

Braiichipios piscifovmis  SchafE  =  B.  .stagnaUs  L..  without  a  shell,  found  in 
the  lakes  of  Germany,  together  with  Apus  cancriformis.  B.  diaplianus  Pr«v. 
Irance.  Artemm  salina  L.,  in  salt  pools,  near  Trieste,  Montpellier.  They 
sometimes  lay  eggs  with  a  hard  shell,  sometimes  they  are  viviparous  Ipus 
cancrifovvm  Schaff,  with  shield-shaped  shell,  Germany.  The  males,  which  are 
rare,  can  be  recognized  by  the  normal  formation  of  the  eleventh  pair  of  appen- 
dages. _  They  live  in  puddles  and  fresh-water  lakes,  together  with  BrancUpus 
EMieria  eycladoides  Joly  L..  with  perfect  shell. 

Sub-order  2.  Cladocera.*     Water-fleas.     Small  laterally  com- 

*  Besides  the  works  already  quoted,  compare  H.  E.  Strauss,  "M^moire  sur  les 
Daphnia  de  la  classe  des  Crastacds,"  du  Mus.  d%lsi  nat.,  Tom  V  and 
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pressed  Phyllopoda,  whose  body,  with  the  exception  of  the  head, 
which  projects  freely,  is  usually  enclosed  in  a  bivalve  shell.  They 
have  two  large  anteniiJB,  which  are  used  in  swunming,  and  four  to 
six  pairs  of  swimming  feet. 

The  Cladocera  are  small  simply  organized  Phyllopods,  whose 
resemblance  to  the  larvse  of  the  shelled  Branchiopoda,  particularly  to 
the  larva  of  Estheria  with  its  six  pairs  of  legs,  gives  the  best  indica- 
tion of  the  probable  origin  of  the  group.  Unlike  the  anterior 
antennie,  which  are  short,  the  posterior  are  modified  to  form 
biramous  swimming  appendages  beset  with  numerous  long  set*. 
The  four  to  six  paii-s  of  legs  are  not  always  foUaceous  swimming 
feet,  but  in  many  cases  have  the  form  of  cylindrical  ambulatory 
or  prehensile  appendages.  The  abdomen,  which  is  ventrally  flexed, 
develops  on  its  dorsal  side  several  prominences,  which  serve  to 
close  the  brood  pouch.  It  usually  consists  of  three  free  segments 
as  well  as  the  terminal  anal  portion,  which  is  beset  with  rows  of 
hooks.  The  anal  portion  begins  with  two  dorsal  tactHe  setae  and 
ends  with   two   hooks  or   styles,  representing  the  caudal  fork 

(fig.  334).  .  -  ^. 

The  internal  organization  is  simple  in  correspondence  with  the 
small  size  of  the  body.  The  compound  eyes  fuse  together  m  the 
middle  line  to  form  a  large,  continuaUy  tremblmg,  frontal  eye,  be- 
neath which  the  unpaii-ed  simple  eye  usually  remams.  A  special 
sense  apparatus,  whose  function  is  not  quite  clear,  appears  in  the 
region  of  the  neck,  m  the  form  of  an  aggregation  of  ganglion 
cgIIs 

The  heart  has  the  form  of  an  oval  sac,  with  two  transverse  lateral 
venous  ostia  and  an  anterior  arterial  opening.  Its  pulsations  are 
rhythmic,  and  succeed  one  another  quickly.  In  spite  of  the  want  of 
arteries  and  veins,  the  circulation  of  the  blood,  which  contams  amoeboid 
cells  is  completed  in  definite  tracts  marked  out  by  lacuna  and  spaces 
in  the  body.  The  looped  and  coHed  shell  gland  is  always  present. 
The  cervical  gland,  which'^functions  as  an  organ  of  attachment,  is  less 

widely  distributed.    Thei sexual  glands  lie  in  the  thorax  as  paired 

YI,  1S19  and  1820.    Leydig.  ••  Nainv^scl^ 

vexel  hos  Lcptodova."  \  >dcn.h  -^^^^^^^^l '  ^  ;  jg^T.   C.  Clans.  "  Znr 

znr  Kenntiss  der  Daplnunden. '  Znt.f.  n-us. 

II  l^and.  Wien,  1879. 
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tubes  by  the  side  of  the  alimentary  canal.  In  the  ovaries  groups 
of  four  cells  are  separated  ;  one  cell  of  each  group  becomes  an  ovum, 
while  the  rest  are  employed  as  nutritive  cells  for  the  nourishment  of 
the  ovum,  which  increases  in  size  and  absorbs  fat  globules.  The  ovary 
is  du-ectly  continuous  with  the  oviduct,  which  opens  dorsally  beneath 
the  shell  into  the  brood-pouch.  The  testes,  like  the  ovaries,  lie  at 
the  sides  of  the  intestine  and  ai-e  continuous  with  the  vasa  deferentia, 


Fig.  S34i.—Daphnia.  C,  Heart— the  slit-like  opening  of  one  side  is  visible ;  B,  alimentary- 
canal  ;  Z,  hepatic  diverticulum ;  A,  anus  ;  (?,  cerebral  ganglion  ;  O,  eye  ;  8d,  shell  gland  ; 
Br,  brood-pouch  beneath  the  dorsal  reduplicature  of  the  shell. 


which  open  to  the  exterior  ventrally  behind  the  last  pair  of  appen- 
dages or  at  the  extreme  end  of  the  body,  the  openings  being  some- 
times situated  on  small  slightly  protrusible  prominences. 

The  smaller  males  usually  appear  in  the  autumn ;  they  may,  however, 
also  be  present  at  any  other  time  of  the  year,  and,  as  recant  investi- 
gations have  proved  in  a  tolerably  satisfactory  manner,  always  when 
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the  conditions  of  life  and  nourishment  are  unfavourable.  Before 
the  appearance  of  the  males,  hermaphi-odite  forms  *  sometimes  make 
their  appearance  with  an  organization  which  is  half  male  and  half 
female. 

At  the  season  when  males  are  not  present,  normally  in  the  spring 
and  summer,  the  females  produce  the  so-called  summer  eggs,  which 
contain  a  large  quantity  of  oil  globules  and  are  surrounded  by  a 
delicate  vitelline  membrane.  They  develoj)  lupidly  within  the  brood- 
pouch  between  the  shell  and  the  dorsal  surface  of  the  mother,  and 
after  the  space  of  only  a  few  days  give  rise  to  a  fresh  generation  of 
young  Cladocera,  which  escape  from  the  brood-pouch.  The  embryonic 
development  takes  place  accordingly  under  extremely  favourable 
conditions,  which  depend  upon  the  rich  supply  of  food  yolk  in  the 
large  eggs,  and  ai'e  sometimes  favoured  by  the  secretion  of  additional 
food  material  within  the  brood-pouch. 

At  the  season  when  the  males  appear,  the  females,  under  the  like 
influence  of  unfavourable  nourishment  and  independently  of  copu- 
lation, begin  to  produce  so-called  winter  eggs,  which  are  incapable  of 
developing  without  fertilization.  The  number  of  these  hard-shelled 
winter  eggs  is  always  relatively  small.  They  are,  therefore,  distin- 
guished from  the  summer  eggs  by  their  larger  size  and  the  gi-eater 
quantity  of  food  yolk  ;  and  their  origin  in  the  ovary  is  accompanied 
by  much  more  extensive  processes  of  absorption. 

The  Dcq^hnidce  live  for  the  most  part  in  fresh  water.  Certain 
species  inhabit  deep  inland  lakes,  brackish  water,  and  the  sea.  They 
swim  quickly,  and  usually  with  a  jumping  movement.  Some  of  them 
attach  themselves  to  solid  surrounding  objects  by  means  of  a  dorsally 
placed  organ  of  attachment,  the  cervical  gland.  When  the  body 
is  thus  fixed,  the  swimming  feet  seem  to  be  able  by  their  vibrations 
to  set  up  currents  in  which  small  food  particles  are  swept  towards 
the  animal. 

Sida  crystalUna  0.  Fr.  Miiller.  The  six  pairs  of  lamellar  legs  beset  mth 
long  swimming  seta.\  The  rami  of  the  swimming  antennre  two-  to  three- jointed. 
Bnitlinia  puUx  De  Geer.  D.  nma  Liev.  Five  pairs  of  legs,  of  which  the 
anterior  arc  more  or  less  adapted  for  prehension.  One  ramus  of  the  s^xnmmmg 
antenna  is  three-jointed,  the  other  four-jointed.  Polyphemus  prdn;d».-<  Dc 
Geer.  In  the  lakes  of  Swtzerland,  Austria,  and  Scandinavia.  Erad^ir  .\ordmanni 
Lov6n,  North  Sea  and  Mediterranean.    Lcptodora  hyalina  Lillj.,  in  lakes. 

*  Compare  especially  W.  Kurz,  "  Ucl>er  androgyne  Missbildung  bei  Clado- 
^^x^n:'  ktzimglher  der  Akad.  dev  Wis-mh.  11  18/4.  Also  Schmanke- 
witsch. 
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Order  2. — Ostracoda  * 

Small,  usually  laterally  compressed  Entomostraca,  with  a  hivalve 
shell  and  seven  pairs  of  appendages,  which  function  as  antennce,  jaws, 
creeping  and  swimming  legs.  There  is  a  pediform  mandibular  palp, 
and  a  short  abdomen. 

The  body  of  these  small  Crustacea  is  unsegmented  and  is  completely 
enclosed  in  a  bivalve  shell,  which  gives  the  animal  a  resemblance  to 
a  mussel.  The  two  valves  of  the  shell  join  together  in  the  middle 
line,  and  are  fastened  together  by  an  elastic  ligament  along  the  middle 
third  of  the  back.  The  action  of  this  ligament  is  opposed  by  a  two- 
headed  adductor  muscle,  which  passes  from  one  valve  of  the  shell 
to  the  other  and  causes  impressions  discernible  from  without.  The 
common  tendon  of  the  two  heads  of  this  muscle  lies  nearly  in  the 


Fig.  335. — Female  Cypris  before  sexual  maturity  ;  the  rislit  valve  of  the  shell  has  been 
removed,  A',  A",  first  and  second  pair  of  antennse  ;  Ol>,  upper  lip  ;  Md,  mandible  with 
pediform  palp  ;  &,  cerebral  ganglion  with  unpaired  eye  ;  S3I,  adductor  muscle  ;  Mx', 
Mx",  first  and  second  pair  of  maxillse ;  F\  F",  first  and  second  pair  of  feet ;  Fu,  caudal 
fork  ;  M,  stomach  ;  D,  intestine ;  Z,  hepatic  tube  ;  Ge,  rudimentary  genital  organs. 


middle  of  the  body.  The  edges  of  the  valves  are  free  at  both  ends 
and  along  the  ventral  side.  In  the  marine  C'yjorifZmttiog  there  is.a 
deep  indentation  in  the  edges  of  the  valves,  to  allow  the  antennfe  to 
pass  out.  When  the  valves  of  the  shell  are  open,  several  pediform 
appendages  can  be  protruded  on  the  ventral  side,  which  enable  the 
animal  to  move  in  the  water  either  by  crawling  or  by  swimming. 

*  H.  E.  .Strauss-Dlirkheim,  "M6moirc  sur  les  Cypris  de  la  classe  des  Crus- ' 
taces,"  3Iem.  du  Mux  (VliiKt.  iint.,  Tom  VII.,  1821.  W.  Zenker,  "  Monographie  der 
Ostracoden,"  Avchiv.fiir  yatun/esoJt..  Tom.  XX.,  1864.  C.  Glaus,  "  Beitrage 
zur  Kentiiiss  der  Ostracoden.  Entvvickelungsgeschichte  von  Cypris."  Marbui^. 
18f)8..  C.  Glaus.  "  Neuc  Beobachtungen  liber  Cypridinen,"  Zeitschr.  fiir  iviss. 
Zool.,  Tom  XXIII.  «'.  Glaus,  "Die  Familie  der  Halocypriden."  Schriften 
zodlof/lirhen  InhalU.\\\&n,  187'i.  G.  S.  Brady,  "A  Monograph  of  tlic  Recent 
British  Ostracoda,"  Tranmct.  of  the  Lin.  Soc,  Vol.  XXVI. 
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Tlie  abdomen  can  also  be  protruded ;  it  either  ends  in  a  caudal  fork 
{Cypris  and  Cylhere),  or  has  the  form  of  a  plate  armed  with  spines 
and  hooks  on  its  posterior  margin  {Cypridina). 

Appendages.  -The  two  pairs  of  antennae  are  placed  on  the 
anterior  region  of  the  body  (fig.  336,  A',  A"),  and  are  used  as  creep- 
ing and  swinuning  legs.  In  Cyp)ridina,  however,  the  anterior  pair 
is  provided  with  olfactory  hairs.  The  antennte  of  the  second  pair  in 
Cypris  and  Cythere  resemble  legs,  and  end  with  sti-ong  hooked 
bristles,  by  help  of  which  the  animal  can  attach  itself  to  surrounding 
objects.  In  the  exclusively  marine  Cyj)ridinidce  and  Halocypridai 
this  pair  of  appendages  has  the  form  of  biramous  swimming  feet, 
which  consist  of  a  broad  triangular  basal  plate,  a  many-jointed 
endopodite  beset  with  long  swimming  setae,  and  a  rudimentary 
exopodite,  which,  however,  is  stronger  in  the  male  and  furnished 
with  hooks  of  a  considerable  size. 

In  the  region  of  the  mouth  beneath  and  to  the  side  of  a  tolerably 
large  upper  lip  there  are  two  powerful  mandibles  with  a  broad  and 
strongly  toothed  biting  edge.  The  mandibular  palps,  which  are 
leg-like  and  elongated,  are  usually  three- jointed  and  can  be  used  as 
legs  [Mdf).  In  exceptional  cases  {Paradoxostoma),  the  mandibles 
are  styliform  and  are  enclosed  in  a  suctorial  proboscis  formed  from 
the  upper  and  under  lips. 

The  mandibles  are  followed  by  the  first  paii-  of  maxillae,  which 
are  in  all  cases  distinguished  by  the  great  development  of  their 
basal  portion  and  by  the  reduction  of  the  palp.  In  the  Cypridca 
and  Cytheridce  the  basal  joint  of  the  first  maxilla  bears  a  lai-ge 
comb-like  setose  plate,  which  by  its  springing  movements  aids  the 
function  of  respiration,  but  does  not  itself  function  as  a  gill.  A 
similar  branchial  plate  may  also  occur  on  the  two  following  appen- 
dages (the  5th  and  6th  pair),  which  sometimes  have  the  form  of 
jaws,  sometimes  of  legs.  The  anterior  of  these  appendages  (maxilla 
of  the  second  pair  or  better  maxilliped,  fig.  336,  Mx')  functions,  in 
Cypris,  chiefly  as  a  jaw,  but  bears,  besides  the  rudimentary  bran- 
chial appendage,  a  short,  backwardly  directed,  usually  two- jointed 
palp,  which,  however,  in  certain  genera  and  in  Halocypris  becomes  a 
short,  three-jointed  or  even  four-jointed  leg.  In  Cythere  it  acts  ex- 
clusively as  a  leg,  and  represents  the  first  of  the  three  pairs  of  legs 
present  in  this  animal.  In  the  Cypridina,  however,  it  has  completely 
the  form  of  a  jaw,  and  is  provided  with  an  enormously  developed 
branchial  plate  (fig.  336  a,  Mx").  The  appendage  of  the  sixth  pair 
is  usually  modified  to  an  elongated,  many-jointed,  creeping  and  ad- 
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hering  foot.  The  appendage  of  the  seventh  pair  is  always  elongated 
to  the  form  of  a  leg ;  in  Cythera  it  is  formed  like  the  preceding  one, 


Fig.  336.—Cyj)ridinamediterranea.  a,  Female;  fi,  male.  M,  Stomach;  if.  heart;  SM, 
adductor  muscle ;  O,  eye ;  O',  unpaired  eye ;  6,  brain ;  Stz,  frontal  organ ;  T,  testis '; 
P,  copulatory  organ;  Mdf,  mandibular  palp;  Mx',  first  maxilla;  iVx'',  second  maxiH  a ; 
Ftt,  caudal  fork. 

but  in  Cypris  it  is  curved  upwards,  and  is  furnished  with  a  short 
claw  and  terminal  setse.    It  has  probably  the  same  function  (Putzf uss) 
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as  the  long  cylindrical  appendage  of  Cyjyridina,  wliicli  arises  in  place 
of  the  seventh  pair  of  legs,  almost  on  the  back  of  this  animal. 

The  nervous  system  consists  of  a  bilobed  cerebral  ganglion  and 
a  ventral  chain  with  closely  approximated  pairs  of  ganglia,  Ashich 
may  unite  to  form  a  single  ganglionic  mass. 

Sense  organs. — In  addition  to  the  already  mentioned  olfactory  hair> 
there  is  a  median  eye  {Cyfris,  Cy there),  composed  of  two  (often 
separated)  halves;  or  thei-e  are,  in  addition  to  a  small  unpaired  eye, 
two  larger  compound  and  movable  lateral  eyes  {Gy2)ridina).  In 
Ualocyiyris  and  Cyimdina  there  is  a  frontal  appendage,  which 
probably  functions  as  a  sense  organ. 

Alimentary  canal. — The  mouth,  which  is  frequently  {Cyjyris) 
armed  with  toothed  latei-al  bands,  leads  through  a  narrow  oesophagus 
into  a  dilated  crop-like  portion  of  the  alimentary  canal.  This  is 
followed  by  a  broad  and  long  stomach,  provided  with  two  long 

lateral  hepatic  tubes,  which 
project  into  the  lamellfe  of 
the  shell.  The  anus  opens  at 
the  base  of  the  abdomen  (fig. 
337).  Of  special  glands  a 
club-shaped,  dilated  glandular 
tube  (poison-glands  X)  found 
in  Cythere  must  be  mentioned, 
the  duct  of  which  opens  to 
the  exterior  through  a  spinous 
appendage  of  the  posterior 
antennae. 

A  heart  is  present  in  Cyjyri- 
dina  and  Halocyi:)ris  on  the  dorsal  surface,  where  the  shell  is  con- 
nected to  the  animal.  The  function  of  respiration  is  performed 
by  the  whole  surface  of  the  body,  over  which  an  uninterrupted 
current  of  water  is  maintained  by  the  swinging  movements  of 
the  leaf -shaped  setose  branchial  appendages.  In  many  Cy2yridinid(e 
(Asterope)  there  is  a  double  row  of  branchial  tubes  on  the  back, 
near  the  last  pair  of  appendages. 

Generative  organs.— The  sexes  are  always  separate  and  are  dis- 
tinguished by  well  marked  differences  in  their  entire  structure.  The 
males,  in  addition  to  the  greater  development  of  the  organs  of  sense, 
possess  apparatuses  on  different  appendages— in  Cypridina  on  the 
second  antennas  in  Cy2oris  on  the  maxilliped— for  holding  the 
females ;  or  a  pah-  of  legs  may  be  completely  modified  for  this  pur- 


Fig.  337.— Alimentary  canal  and  generative 
organs  of  a  female  Cy^n-is  (after  W.  Zenker). 
Oe,  oesophagus  ;  P  r,  crop  ;  V,  stomach  ;  D, 
intestine ;  L,  liver  ;  Ov,  ovary  ;  SM,  adductor 
muscle ;  -B  receptaculum ;  Vu,  vulva ;  Fu, 
caudal  fork. 
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pose.  In  addition  a  large  copulatory  organ,  which  may  be  derived 
from  a  modified  pair  of  appendages  and  often  possesses  a  very  compli- 
cated stmcture,  is  always  present.  The  male  genital  organs  consist 
on  either  side  of  several  elongated  or  globular  testes,  of  a  vas  deferens 
and  the  copulatory  organ  ;  the  presence  in  Gypris  of  a  very  peculiar 
paii-ed  mucous  gland  and  the  size  and  form  of  the  spermatozoa  seem  to 
be  worthy  of  notice  (Zenker).  The  female  of  Cypris  possesses  two 
ovarian  tubes  which  project  into  the  reduplicature  of  the  carapace, 
two  receptacula  seminis,  and  the  same  number  of  genital  openings  at 
the  base  of  the  abdomen. 

Development.— The  greater  number  of  Ostracoda  lays  eggs,  which 
they  either  attach  to  water-plants  {Cypris),  or,  as  in  Cypridina, 
carry  about  with  them  between  the  shell  valves  until  the  young  are 
hatched.  The  free  development  of  Cypris  consists  of  a  complicated 
metamorphosis.  The  larvae,  when  hatched,  possess,  like  the  Nauplius 
form,  only  three  pairs  of  appendages, 
but  are  strongly  compressed  laterally,  and 
are  already  enclosed  in  a  thin  bivalve 
shell  (fig.  338).  In  the  marine  Ostracoda 
the  development  is  simplified,  so  that  the 
metamorphosis  is  entirely  absent. 

The  Ostracoda  feed  altogether  on  ani- 
mal matter,  as  it  seems  especially  on  the 
carcasses  of  different  aquatic  animals. 

Numerous  fossil  forms  are  known  from 
almost  all  formations,  but,  unfortunately, 
only  the  remains  of  their  shells  are  pre- 
served. 

Cypridina.  With  heart  and  large  movable  paired  eye.  With  deep  excava- 
tion in  the  edges  of  the  shell  for  the  passage  of  the  antennae.  The  anterior 
antennfe  are  bent,  furnished  with  strong  sette,  and  have  olfactory  hairs  at  their 
extremity.  The  posterior  antcnnss  are  biramous  swimming  feet.  The  biting 
part  of  the  mandible  is  weak  or  entirely  aborted  ;  palp  is  five-jointed,  pediform, 
and  of  considerable  length.  The  seventh  pair  of  appendages  is  represented  by 
a  cylindrical  ringed  appendage  (Putzfuss).  Cypridina  mediterranea  Costa. 
Astcrope  ohlonga  Gv.,  Trieste.    Ilalocypris  Dana. 

Cytliere  0.  Fr.  Miill.  Without  heart.  The  anterior  antennsB  are  bent  at 
their  base  and  beset  with  short  setfe.  The  posterior  antenna  are  strongly 
developed,  with  hooks  on  the  terminal  joint.  Three  pairs  of  legs,  of  which  the 
last  is  the  most  strongly  developed.  The  abdomen  has  only  the  caudal  fork,  of 
which  the  two  branches  are  small  and  lobc-like.  The  testes  and  ovaries  do  not 
project  between  the  lamellfE  of  the  carapace.  The  male  genital  apparatus  has 
no  mucous  gland.    They  arc  all  marine  animals.    The  females  often  carry  the 


Fig.  338.— Very  yoiino:  lai*va  of 
Cypris.  Nauplius  stage,  with, 
three  pairs  of  appendages. 
M,  stomach ;  D,  intestine ; 
SM,  shell  muscle ;  A',  A!',  first 
and  second  antenna3;  Mdf, 
mandible. 


428 


CRUSTACEA.. 


eggs  and  embryos  about  between  the  valves  of  the  shell.  Cijtlicre  lutea  0.  Fr. 
-Miiller,  North  Seas  and  Mediterranean.    0.  viridw  0.  Fr.  Miill.,  North  Seas. 

Cyjn'ix  0.  Fr.  Mlill.  With  median  eye,  but  no  heart.  The  sliell  valve«  arc 
light  but  strong,  the  anterior  antennae  have, usually  seven  joints  and  are  beset 
with  long  setae.  The  antenna  of  the  second  pair  is  simple  and  pediform,  with 
usually  six  joints.  There  are  two  pairs  of  le'^n,  of  which  the  i)osterior  smaller 
pair  is  bent  upwards  towards  the  dorsal  surface.  The  caudal  fork  is  very  narrow 
and  elongated,  and  is  provided  with  hooked  setae  at  the  point.  The  testes  and 
ovaries  i)roject  between  the  lamellae  of  the  shell.  The  male  genital  appa- 
ratus has  a  peculiar  mucous  gland.  Most  of  them  inhabit  fresh  water. 
Oi/jprisfi(.scaStv.,  C.j^;?iJem  0.  Fr,  Miill.,  C./w«mto  Jur.,  and  others.  Xotudronmg 
monaehns  0.  Fr.  Miill. 

07xle7-  3, — CoPEPODA. 

Entomostraca  with  elongated,  usiudly  loell  segme.nted  body,  without 
shell-forminy  reduplicatiire  of  the  skin,  with  biramous  swimviing  feet ; 
the  abdomen  is  without  ajjpendages. 

The  group  of  the  Gopejioda  inckides  a  number  of  very  different 
forms.  The  non-parasitic  members  of  the  groups  are  distinguished 
by  a  constant  number  of  segments  and  paired  appendages.  The 
numerous  parasitic  forms  differ  in  various  degrees  from  those  which 
lead  an  independent  life ;  in  extreme  cases  some  of  them  are  so 
modified,  that  without  a  knowledge  of  their  development  and  the 
peculiarities  of  their  structure,  they  would  rather  be  taken  for 
parasitic  Worms  than  for  Arthropods.  The  characteristic  swimming 
feet  are,  however,  usually  retained,  though  often  reduced  in  number, 
as  rudimentary  or  modified  appendages.  When  they  are  absent,  the 
developmental  history  gives  a  certain  indication  of  the  Copepod 
nature. 

Appendages. — The  head  seems  as  a  rule  to  fuse  with  the  first 
thoracic  segment ;  and  the  cephalothorax  so  formed  bears  two  pairs 
of  antennfe,  a  pan-  of  mandibles,  the  same  number  of  maxillfe,  and 
four  maxillipeds,  which  last  are  only  the  external  and  internal  branches 
of  a  single  pair  of  appendages  (fig.  341) ;  and  finally  the  first  pair  of 
swimming  feet,  which  are  not  unfrequently  modified  in  form.  Then 
come  four  free  thoracic  segments,  each  with  a  pair  of  swimming  feet, 
of  which  the  last  pair  is  frequently  reduced  and  in  the  male  may 
be  modified  to  assist  in  copulation.    Finally,  the  fifth  pair  of  feet  and 

*  0  Fr  Miiller,  "  Entomostraca  sen  Insecta  testacca.  quaj  in  aquis  Danije  et 
NorvegifB  reperit.  descrii^sit,"  Lipsias,  1785.  Jurine.  "  Histoire  dcs  Monocles. 
Geneve  1820.  W.  Lilljeborg.  "Crustacea  ex  oi-dinibus  tribus :  Cladocera. 
Ostracoda  et  Copcpoda,  in  Scania  occurrentibus,-  Lund..  Ip:-^-  £  Claus  "  Zur 
Morphologic  dcr  Copepoden,"  Wilrzh.  natitriHss.  Znt.irhr.,  Ib60.  L.  Olaus., 
"  Die  freilebenden  Copepoden,"  Leipzig,  18(53. 
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the  corresponding  thoracic  segment  may  be  entirely  absent.  The 
abdomen  as  well  as  the  thorax  consists  of  five  segments,  but  is  with- 
out appendages  and  ends  in  a  caudal  fork,  the  branches  of  which  are 
furnished  at  their  points  with  several  long  caudal  seta?  (fig.  339). 
In  the  female,  the  two  first  abdominal  segments  usually  unite  to 
form  a  double  genital  segment,  on  which  the  genital  openings  are 
placed.  The  abdomen,  especially  in  the  parasitic  forms,  very  fre- 
quently undergoes  a  considerable  reduction. 


Fig.  339.— Female  of  Cyclops  coronatus,  seen  Fig.  310.— An  antenna  of  the  male  of 
from  the  dorsal  surface.  D,  intestine  ;  OoS,  Ci/clops  serrulatns.  Sp,  olfactory  hairs  . 
ovisacs  ;  A',  A'',  antennse.  muscles.  ' 

The  anterior  antenna?,  which  are  usually,  many- jointed,  bear  olfac- 
tory hairs,  but  serve  in  the  free-swimming  forms  foi-  locomotion,  and 
in  the  male  as  prehensile  arms  for  catching  and  holding  the  female 
during  copulation  (fig.  340).  The  posterior  antennte  are  always 
shorter,  and  not  unfrequently  bifurcated  and  adapted  for  clinging 
to  surrounding  objects.     With  regard   to  the  oral  appendages 
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(fig.  341),  two  toothed,  usually  pulped  mandibles  ave  placed  be- 
neath the  upper  lip.  These  function  in  the  free-living  Copepoda  as 
masticatory  organs,  but  in  the  parasitic  forms  are  usually  trans- 
formed into  pointed  styliform  rods,  which  are  used  for  piercing. 
In  this  case  they  ai-e  frequently  placed  in  a  suctorial  tube  formed  by 
the  junction  of  the  upper  and  under  lips.  The  two  jaws  which 
follow  the  mandibles  are  weaker  biting  plates,  and  in  the  parasitic 
Co2Jepoda  are  reduced  to  small  palp-like  protuberances.    The  maxil- 

lipeds,  on  the  contrary,  are  much  longer ; 
they  are  used  to  procure  food  and,  especially 
in  the  parasitic  forms,  to  attach  the  body. 
The  thoracic  s-wimming  feet  consist  of  a 
two-jointed  basal  portion,  and  two  three- 
jointed  setigerous  swimming  rami,  which 
are  comparable  to  broad  swimming  plates. 
In  the  Argulidm  these  rami  are  much 
elongated,  and  by  their  numerous  joints 
approximate  to  the  legs  of  the  Cirrij^edia. 

Nervous  System. — In  all  cases  there  is 
a  brain  giving  off  sensoiy  nerves,  and  also 
a  ventral  cord,  which  either  develops 
some  ganglia  in  its  course  or  is  concen- 
trated to  a  common  suboesophageal  gan- 
glionic mass.  Of  sense  organs  the  median 
frontal  eye,  divided  into  three  parts  {Cy- 
dops  eye),  is  pretty  generally  present. 
The  tactile  sense  is  specially  localized  in 
the  setje  of  the  anterior  antennre,  but  is 
probably  also  present  in  many  other  parts 
of  the  body.  Olfactory  hairs  are  pre- 
sent as  delicate  appendages  of  the  an- 
terior antenna?,  principally  in  the  male 
sex. 

The  alimentary  canal  is  divided  into 
a  short  nai-row  oesophagus,  a  wide  sto- 
mach which  often  has  two  blind  diverticula  near  its  commence- 
ment, and  a  narrow  rectum  which  opens  on  the  dorsal  surface  of  the 
last  abdominal  segment.  The  surface  of  the  intestine  often  seems 
to  perform  the  function  of  a  urinary  organ.  We  find,  however, 
at  the  same  time  a  shell  gland  in  the  cephalo-thorax  at  the  sides  of 
the  maxillipeds.    In  all  cases  the  whole  surface  of  the  body  performs 


If 

Fig.  341.  —  Mouth  parts  of 
Cyclops.  M,  Mandibles ;  Mx, 
maxilla;  Kf,  internal;  iTf", 
external  maxilUped. 
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the  respiratory  function.  Circulatory  organs  are  either  replaced 
by  the  regular  oscillations  of  the  intestinal  canal  {Cydo'ps,  Achtheres), 
or  there  is  present  in  the  anterior  part  of  the  thorax  above  the  intes- 
tine (Calanidce)  a  short  saccular  heart,  which  may  even  be  continued 
into  a  cephalic  artery  {Ccdanella)  (fig.  53). 

Generative  organs. — The  Gopepoda  are  of  separate  sexes.  Both 
kinds  of  genital  organs  lie  in  the  cephalothorax  and  in  the  thoracic 
segments,  and  open  right  and  left  on  the  basal  segment  of  the 
abdomen.  Sexual  differences  in  the  form  and  structure  of  the 
different  parts  of  the  body  are  almost  uniformly  found.    These  lead 


Fi&.  342. — Metamorphosis  of  Cyclops,  a,  Nauplius  larva  of  Cyclops  serrulatus  after  hatching. 
b,  Older  stage  strongly  magnified,  e,  Very  young  Cyclops  form.  AD,  antennal  glands  ; 
01,  upper  lip ;  Mf,  mandibular  foot ;  Md,  mandible ;  Mx,  maxilla,  Mxf,  maxilliped ; 
J",  F",  first  and  second  swimming  feet;  He,  urinary  concretions;  D,  intestine;  Ad, 
rectimi ;  A,  anus  ;  G,  rudimentary  genital  organs. 


in  certain  parasitic  Copejyoda  (Chondracanthidce,  Lemceopodidce)  to 
an  extremely  striking  dimorphism.  The  males  are  smaller  and 
move  with  greater  facility ;  the  anterior  antennae  and  the  last  pair 
of  feet  become  accessory  copulatory  organs,  the  former  serving  to 
hold  the  female,  the  latter  to  affix  the  spermatophores.  The  sper- 
matophores  are  formed  in  the  vas  deferens  by  a  mucous  secretion 
Avhich  surrounds  the  seminal  mass  and  hardens  to  a  tough  mem- 
brane.   The  females  are  larger  than  the  males  and  often  move 
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more  clumsily ;  they  cany  the  eggs  about  with  them  in  sacs,  placed 
to  the  right  and  left  on  the  abdomen.  Many  of  them  possess  a 
cement  gland  at  the  end  of  the  oviduct ;  the  secretion  of  this  gland 
passes  out  with  the  eggs  and  gives  rise  to  the  stiff  covei-ing  of  the 
ovisiics.  Dui'ing  copulation,  which  is  only  an  external  appi-oximation 
of  the  two  sexes,  the  male  fastens  one  or  more  spermatophores  on  to 
the  genital  segment  of  the  female,  and,  indeed,  on  to  special  openings 
through  which  the  spei-matozoa  pass  into  the  receptaculum  seminis, 

and  fertilize  the  ova  either  within 
the  body  of  the  mother,  or  as  they 
pass  out  into  the  developing  ovisacs. 

Development  takes  place  by  means 
of  a  complicated  metamorphosis, 
which,  ill  many  parasitic  forms,  is 
a  retrograde  one.  The  larvae,  when 
hatched,  have  the  Nauplius  form, 
with  an  unpaii-ed  frontal  eye  and 
thi-ee  pairs  of  appendages.  Hooked 
setse  on  the  second  and  tliiixl  pau's 
of  appendages  serve  to  conduct  the 
fond  into  the  mouth,  which  is 
covered  by  a  large  upper'  lip  (fig. 
342,  a).  The  posterior  region  of  the 
body  is  destitute  of  appendages, 
and  terminates  with  two  setae  at  the 
sides  of  the  anus ;  it  corresponds  to 
the  thorax  and  abdomen,  which  are 
as  yet  nndiffei'entiated. 

The  altei'ations  undergone  by  the 
young  larvae  in  the  course  of  their 
further  gi-owth  are  connected  with 
a  number  of  successive  moults,  and 
consist  principally  in  an  elongation 
of  the  body  and  the  appearance  of 
fresh  appendages.  Even  in  the  next  larval  stage  (fig  342,  h), 
a  fourth  pair  of  appendages,  the  future  maxiUa?,  makes^  its  ap- 
pearance behind  the  three  original  pairs,  which  develop  into  the 
antenna  and  mandibles.  In  a  later  stage  three  fresh  pairs  of 
appendages  are  formed.  Of  these  the  first  corresponds  to  the 
maxillipeds,  while  the  two  last  pairs  represent  the  first  rudiments 
of  the  anterior  swimming  feet.    In  this  stage  (Metanaupli^cs)  (fig. 


Fig.  343.— Metanauplius  of  Cyclopsine. 
O,  eye;  G,  rudimentary  genital 
organs  ;  SD,  antennal  gland ;  A',  A'', 
antennae  ;  Md,  mandible  ;  Mx,  max- 
illa ;  Mf,  maxilliped. 
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343),  the  larva  still  resembles  a  Nauplivis,  and  it  is  only  after  another 
moult  that  it  is  transformed  into  the  first  Ci/clops-\ike  form.  It 
then  resembles  the  adult  animal  in  the  structure  of  the  antennae  and 
mouth  parts,  although  the  number  of  the  appendages  and  the  body 
rings  is  smaller  (fig.  342,  c).  The  two  last  pairs  of  appendages  already 
have  the  form  of  short  biramous  swimming  feet,  and  the  rudiments 
of  the  third  and  fouth  pairs  of  swimming  feet  have  made  their 
appearance  as  projections  beset  with  setae.  The  body  consists  in  this 
stage  of  the  oval  cephalothorax ;  the  second,  third  and  fourth  thoracic 
segments ;  and  an  elongated  termiaal  portion,  which  gives  rise  to  the 
last  thoracic  segment,  and  to  all  the  abdominal  segments  by  a  pro- 
gressive segmentation,  and  already  terminates  in  the  caudal  fork. 


^'""■If-jf^'-^^vercarum.-a,  Nauplius  form,   h.  Larva  in  the  youngest  Cyclops  stage ; 

ti'^f  '^""^f   "^'n  •     ^f""^^^  ^^^^^"^^  Ovaries ;  KB,  cement 

.  glands,   d.  The  smaller  male  seen  from  the  side  ;  Mxf,  Mxf,  maxillipeds. 

Many  forms  of  parasitic  Gopepoda,  for  example  Lerncmthrojms 
and  Chondracantlms,  do  not  get  beyond  this  stage  of  body  segmenta- 
tion, and  obtain  neither  the  swimming  feet  of  the  third  and  fourth 
pairs,  nor  a  fifth  thoracic  segment  separate  from  the  stump-like 
abdomen;  others,  for  example  Achtheres,  by  the  loss  of  the  two  anterior 
pairs  of  .s^vimming  feet,  sink  back  to  a  still  lower  stage  (fig.  344) 
_  AU  the  non^parasitic  and  many  of  the  parasitic  Copepoda  pass 
m  the  successive  moults_  through  a  larger  or  smaller  number  of  de- 
velopmental stages,  in  which  the  still  undeveloped  segaaents  and 
appendages  make  their  appearance,  and  the  appendages  already 
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present  undergo  further  segmentation.  Man}-  parasitic  Co'pe'poda, 
however,  pass  over  the  series  of  Nauplius  forms,  and  the  larva,  as 
soon  as  hatched,  undergoes  a  moult,  and  appears  at  once  in  the 
youngest  Cyclops  form,  with  antennae  adapted  for  adhering  and 
mouth  parts  for  piercing  (fig.  344).    From  this  stage  they  undergo 

a  retrogressive  metamorpliosLs, 
in  which  they  become  attached 
to  a  host,  lose  more  or  less  com- 
pletely the  segmentation  of  the 
l)ody  which  grows  irregular 
in  shape,  cast  off  their  swim- 
ming feet,  and  even  lose  the 
eye,  which  was  originally  pre- 
sent [Lernceopoda).  The 
males,  however,  in  such  cases 
often  remain  small  and 
dwarfed,  and  adhere  (fre- 
quently more  than  one)  firmly 
to  the  body  of  the  female  in 
the  region  of  the  genital  open- 
ing  (fig.  345). 

In  the  Lerncea  (fig.  346) 
such  pigmy  males  were  tor  a 
long  time  vainly  sought  for 
upon     the    very  peculiarly 
shaped  body  of  the  large  female 
(fig.  346,  c,  d)  which  carries 
tubes.     At  last  it  was 
discovered    that    the  small 
cyclops-like  males  (fig.  346,  a), 
lead  an  independent  life,  and 
swim  about  freely  by  means 
of  their  four  pau-s  of  svnm- 
ming  feet;  and  that  the  fe- 
males (fig.  436,  b),  in  the 
copulatory  stage  resemble  the 
males,  and  that   it  is  only 
after   copulation    that  they 
(the  females)  become  parasitic 
and  undergo  the  considerable 


Fig  345  —The  two  sexual  animals  of  C?iondra. 
cantlms  ffihboxns  magnified  about  six  diameters. 
o,  Female  seen  from  the  side;  b,  from  the 
ventral  surface  with  adhering  male  ;  c,  male 
strongly  magnified.  An'  Anterior  anteni.^; 
An",  antennre  for  attachment;  F',  ,  the 
two  pairs  of  feet;  A,  eye;  Ov.  egg-tuhes  • 
Oe,  oesophagus;  D,  intestme 
parts;    T,  testis;    T'd,  vas 


3f,  mouth 
deferens ;  Sp, 


spermatophore. 

increase  in  size  and  modification  of  form  which  characterises  the 
female  with  egg-tubes. 
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1.  Sub-order  :  Eucopepoda. 

CojJepoda  with  swimming  feet,  the  rami  of  which  are  two  or  three 
jointed.    They  liave  biting  or  piercing  and  sucking  mouth  parts. 

1.  Gnathostomata.  For  the  most  part  non -parasitic;  oral  aj)j)aratus 
adapted  for  mastication  ;  fully  segmented  body. 

Fam.  Cyelopidse.  Mostly  fresh-water  animals,  without  a  heart,  and  with  a 
simple  eye.  The  second  pair  of  antennse  are  four-jointed  and  never  biramous. 
The  feet  of  the  tifth  pair  are  rudi- 
mentary in  both  sexes.  The  male 
employs  the  anterior  antenna  for 
prehension.  Oi/clops  coronatus 
Cls.,  Cantlwcamptus  minutxis  Cls., 
Marpaoticihs  clielifer  0.  Fr.  Mtill., 
jSTorfch  Sea. 

Fam.  Calanidae.  The  anterior 
antennfe  are  very  long,  only  one 
of  them  is  modified  for  prehension. 
The  posterior  antennas  are  bira- 
mous. Heart  always  present.  The 
feet  of  the  fifth  pair  are,  in  the 
male,  modified  to  assist  in  copula- 
tion. Cctocliilus  septen  trionalin 
Goods.,  Liaptomus  castor  Jur. 
Irenmis  Patersmii  Tempi. 

Fam.  Notodelphyidae,  Structure 
of  body  Uke  that  of  the  CyclopldK. 
The  posterior  antennae  modified 
for  attachment.  The  two  last  tho- 
racic segments  are  fused  in  the 
female  and  form  a  brood  cavity  for 
the  reception  of  the  eggs.  They 
live  in  the  branchial  cavity  of  As- 
oidians.    Xotodclplvys  afjilis  Thor. 

2.  Parasita*  (Siphonosto- 
mata).  Mouth  parts  adapted 
for  piercing  and  sucking, 
usually  with  incomplete  seg- 
mentation of  the  body  and 
reduced  abdomen. 

The  posterior  antenna?  and 
maxillipeds  end  with  hooks 
for  attachment.     Some  of 


Fift.  3J,6.— iccK<Ea,  branchialis.  a,  Male  (about 
2  to  3  nun.  long).  Oc,  Bye;  G,  brain;  T, 
testis  ;  M,  stomach  ;  to  -F'^,  the  four  pairs 
of  swimming  feet ;  Sp,  spermatopbore  sac.  b. 
Female  (5  to  6  mm.  long  at  the  time  of 
copulation).  A',  A",  the  two  pairs  of  an- 
tenna?; D,  intestiue;  2t,  proboscis;  Mxf, 
ma.dlliped.  c.  Female  of  Lemma  branchialu< 
after  copulation  undergoing  metamorijhosis; 
d,  the  same  with  egg  sacs,  natural  size. 


H.  Buimcler,  "  Beschre,l,„„g  einiger  „ei,en  u„d  wenlg  bek^iten  ScWrot: 
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them  still  swim  freely,  but  most  of  them  live  on  the  gills,  in  the 
pharynx,  and  on  the  outer  skin  of  fishes.  Some  live  within  the 
tissues  of  their  host  (Penella),  and  nourish  themselves  on  the  blood 
and  juices  of  the  latter. 

Film.  Corycseidae.  Anterior  antennae  short,  few  jointed,  and  similar  in  both 
sexes.  The  posterior  autennte  unbranched,  with  claspinf<  hooks,  usually  differ- 
ent according  to  the  sex.  Mouth  parts  often  arranged  for  piercing.  Median 
eye  and  lateral  eyes  often  i)resent.  They  live  partly  as  temporary  parasites. 
Conjctzttis  do>iffatu>!  Cls.,  Sajjphirina  fitlgens  Thomps. 

Fam.  Chondracanthidse,  Body  elongated,  often  without  distinct  segmenta- 
tion, and  furnished  with  pointed  outgrowths.  Abdomen  stump-like.  I'he  two 
anterior  pair  of  swimming  feet  are  represented  by  bifid  lobes,  the  others  are 
wanting.  There  is  no  suctorial  proboscis,  the  mandibles  are  sickle-shaped.  The 
pear-shaped  males  are  small  and  dwarfed,  and  attached,  often  in  pairs,  to  the 
body  of  the  female.  Chondracanthus  gihhoxun  Ki-.  (on  Lophius).  Ch.  cornutvs 
O.  Ft.  Miill.,  on  flat  fish  [PleuroncctUlcp)  (fig.  345), 

Fam.  Caligidse.  Body  flat,  with  shield-like  cepluilothovax,  and  very  large 
genital  segment  which  in  the  female  is  especially  swollen.  Abdomen,  on 
the  contrary,  is  small  and  more  or  less  reduced.  There  is  a  suctorial  tube  and 
styliform  mandibles.  Four  paired  biramous  swimming  feet  enable  the  animal 
to  swim  rapidly.  They  live  on  the  gills  and  the  skin  of  marine  fish,  and  the 
females  have  long  string-like  egg  tubes.  Calir/us  rajjax  Edw.,  C^crojJS  Latreillii 
Leach. 

Fam.  LernseidEe.  The  body  of  the  female  vermiform  or  rod-shaped ;  unseg- 
mented,  with  outgrowths  and  processes  on  the  head.  Mouth  parts  piercing 
with  suctorial  tube.  There  are  four  pairs  of  small  swimming  feet.  The  females 
become  attached  to  fishes,  in  which  the  anterior  part  of  theii-  body  is  buried. 
Lernceocera  cyprinacea  L.,  Penella  mgitta  L,,  Lerncpa  hranchialis  L, 
(fig.  346). 

Fam.  Lernaeopodidee.  Body  separated  into  head  and  thorax,  abdomen 
rudimentary.  Mouth  parts  piercing  with  suctorial  tube.  The  external  maxilli- 
peds  attain  a  considerable  size,  and  in  the  female  unite  at  their  points  so  as  to 
form  a  single  organ  of  attachment,  by  means  of  which  the  animal  adheres 
permanently.  Swimming  feet  completely  absent.  The  males,  which  are  more 
or  less  dwarfed,  have  large  free  clasping  feet,  and  are,  like  the  females,  without 
swimming  feet.  AcMhcre>^  percarum  Nordm.  (fig.  344).  Anchorella  wicinata 
O.  Fr.  Miill.  (on  species  of  Gadm). 

2.  Sub-order:  BrancMura,* 
Carp-lice.    With  large  compound  eyes,  and  long  protrusible  spine 
in  front  of  the  suctorial  tube  of  the  mouth ;  with  four  paii'S  of  elon- 
gated biramous  swimming  feet, 

^erkrebse,"  Nova  acta  Ac.  Cces.  Loop..  Tom  XVII.,  1835  C.  Claus,  "  Ueber  den 
Bau  und  die  Bntwickelung  von  Achtheres  percarum,  Ze/^^r/^;^/•^.r  vm^.  ZooL, 
1861     C  Claus,  "  Beobachtungen  liber  Lerna30cera,  etc..  Marburg,  l&bb. 

*  Jurine.  "  Memoire  sur  I'Argule  foliacd,"  Annates  duJImn^m  dh.^ 
,ujf  Tom  VII  1806.  Fr.  Leydig, '•  Ueber  Argulus-toJiaceus.  ^'*^.'tr/»-/<«  «  w5. 
Toll  Tom  II  1850  E.  CornaUa,  "  Sopra  una  nuova  specie  di  crostocei  sifonos- 
S^mi':"  Sila/.o,  1860.  C.  Clans',  "  Ueber  die  Entwickelung,  O.|anuation  und 
systematische  Stellung  der  Arguliden,"  Zeitschrfurwiss.  M,  lorn  XXV.,  18/5. 
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The  Branoliiura  are  often  placed  near  the  Galigidce,  but  they 
differ  from  them  and  from  the  true  Copepoda  in  several  essential  par- 
ticulars.   In  the  general  body  form  they  certainly  resemble  the 
Ccdigidce  except  in  the  abdomen,  which  is  split  into  two  plates 
(caudal  fins).    Their  internal  structure,  however,  and  the  structure 
of  the   appendages  distinguish  them  from    the  above-mentioned 
parasitic  Crustacea.    A  large  suctorial  tube  projects  above  the  mouth, 
and  in  it  are  concealed  finely  serrated  mandibles  and  styliform 
maxillfe.    A  little  above  this  proboscis  there  is  inserted  a  long 
cylindiical  tube,  which  terminates  in  a  retractile  styliform  spine,  and 
contains   the    ducts  of  a 
pair   of    glandular  tubes 
said  to  be  poison  glands. 
Powerful  organs  of  attach- 
ment are  placed  on  each 
side  of  and  beneath  the 
mouth ;   they    consist  of 
two  parts — (1)  of  an  an- 
terior pail-  of  appendages 
which   correspond   to  the 
anterior    maxillipeds  and 
are   in    Argidus  modified 
into  large  siicking  discs,  the 
hook-bearing  terminal  por- 
tion being  reduced ;  and  (2) 
of  a  posterior  pair,  which 
corresponds  to  the  second 
pair  of  maxillipeds,  and  is 
pro\n.ded    with  numerovis 
spines  on  its  broad  basal 
portion,  a  tactile  protube- 
rance and  two  curved  termi- 
nal claws  at  its  extremity. 

Next  to  these  come  the  four  paired  swimming  feet  of  the  thoracic 
gion,  which,  with  the  exception  of  the  last,  are,  as  a  rule,  covered  by  the 
sides  of  the  cephalo-thoracic  shield.  Each  of  these  consists  of  a  large 
many-jointed  basal  portion,  and  two  much  narrower  rami,  which  are 
beset  ivith  long  swimming  setse  and  in  their  form  and  setigerous 
investment  are  not  unlike  the  biramous  appendages  of  the  Cirrijjedia, 
being  like  them  derived  from  the  Copepod-like  feet  of  the  larvl 
(fig.  347). 


Fig.  347.— TouBg  male  of  Argulug  foliaceus.  A', 
Anterior  autennre  ;  Sg,  sucker  (anterior  maxilli- 
ped);  Kf",  maxilliped ;  Sf,  swimming  feet, 
S,  rostrum  ;  St,  spine ;  B,  intestine ;  T,  testes. 


re- 
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The  internal  organization  i-ecalls  that  of  the  Fhyllopoda.  The 
nervous  system  is  diKtinguLshed  by  the  great  size  of  the  cerebral 
ganglion,  and  by  the  ventral  chain  composed  of  six  closely  approxi- 
mated ganglia.  In  addition  to  two  large  compound  lateral  eyes, 
there  is  present  an  impaired  tri-lobed  median  eye.  The  alimentary 
canal  consists  of  a  short  arched  ascending  (Ksophagixs,  a  wide  stonjach 
Avith  two  lateral  ramified  appendages,  and  a  rectum  which  runs 
directly  backwards  and  opens  to  the  exterior  in  the  median  indenta- 
tion of  the  caudal  fin  above  the  two  plates,  which  correspond  to  the 
caudal  fork.  There  are  two  lateral  slit-like  apertures  in  the  heart, 
and  a  long  aorta.  The  entire  surface  of  the  cephalothorax  functions 
as  a  respiratory  oi-gan.  There  seems,  however,  always  to  be  a 
specially  strong  current  of  blood  in  the  caudal  fin,  so  that  this  part 
of  the  body  may  be  regarded  as  a  sort  of  gill. 

Reproduction. — The  small,  moi  e  agile  male  possesses  peculiar  copu- 
latory  appendages  on  the  posterior  swimming  feet.  The  females  do 
not  carry  their  eggs  about  in  sacs  in  the  t}^ical  Copepod  manner, 
but  fasten  them  to  surrounding  objects.  The  vitelline  membrane  of 
the  deposited  eggs  acquires  a  vesicular  consistence.  The  young  are 
hatched  as  larvfe,  and  undergo  a  metamorphosis. 

Fam.  Argulidae,  Carp-lice.  Anjnhis  0.  Fr.  Miill.  The  anterior  pair  of 
maxillipeds  modified  into  large  suckers.  There  is  a  styliform  spine  apparatus. 
A.foliaceufi  L.  (Pou  de  poissons,  Baklner)  parasitic  on  Carps  and  Sticklebacks. 
A.  coregoni  Thor.,  A  giga/iteus  Luc,  GyrojK-ltis  Hell.  The  maxillipeds  end  in  a 
claw  ;  styliform  spine  absent.  G.  Kollari  Hell,  parasitic  on  the  liranchiae  of 
Hydrucyim,  Brazil.    G.  Doradls  Corn. 

Order  4. — Cirripedia.* 

Fixed,  and  for  the  most  part  herriiaphrodite  Crustacea  with  indis- 
tinctly segmented  body  enclosed  by  a  reduplication  of  the  skin,  and  a 
calcareous  valved  shell.  As  a  ride,  there  are  six  2Jairs  of  biramous 
thoracic  appendages. 

On  account  of  the  resemblance  of  their  shell  to  that  of  the  nuissels, 
the  Cirripedia  were  held  to  be  Molluscs  until  Thompson  and 
Burmeister,  by  the  discovery  of  their  larvae,  satisfactorily  proved  that 
they  belong  to  the  E7itomostraca.    They  are  enclosed  in  a  mussel- 

*  Compare  S.  V.  Thomp.son,  -'Zoological  researches,"  Tom.  L,  1829.  H. 
Burmeister,  '' Beitrage  zur  Naturgcschiehte  der  Rankenfussler  \832  Ch. 
Darwin,  A  monograph  of  the  Sub-Class  Cirripedia,"  2  vol.,  London,  18ol-18.54. 
A  Krohn  '•  Bcobachtungcn  iiber  die  Entwickelung  der  Cirnpedien,-  ArrMv 
fiir  NuMmicxch  1860.  C.  Clans.  "  Die  Cypris-ahnliche  Larve  der  Cirnpedien, 
etc,"  Marburg,  186'J.  R.  Kossmanii,  "  Suctoria  nnd  Lcpadina,  Wurzburg, 
1873. 
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like  shell  composed  of  several  (4,  5  or  more)  pieces.  These  pieces, 
which  originate  by  the  deposition  of  calcareous  matter  in  the  chi- 
tinous  covering-  of  a  large  reduplicature  of  the  skin  (mantle),  are 
distinguished  as  scuta,  terga,  and  carina.  The  animal  is  invariably- 
fixed  by  the  anteiior  end  of  the  head,  which  in  the  Lepadidce  (fig. 
348,  a)  may  be  drawn  out  into  a  long  stalk  projecting  freely  from 
the  shell.  In  the  Balanidce,  which  are  without  the  stalk  (fig.  348,  h), 
the  body  is  siirrounded  by  an  external  calcareous  tube,  usvially  com- 
posed of  six  pieces ;  the  aperture  of  the  tube  is  closed  by  a  sort  of 
operculum  formed  of  calcareous  plates  lying  inside  (fig.  348,  h).  In 


l-'io.  348. — a,  Lepax  after  removal'of  the  right  shell.  A',  Anterior  antennas  at  the  end  of  the 
stalk  ;  C,  carina ;  Te,  tergum ;  8c,  scutum ;  Mk,  oral  cone  ;  F,  caudal  fork ;  P,  cirrus  or 
penis ;  M,  muscle,  h,  Balanus  tintlnnahidim  (after  Ch.  Danvin),  one-half  of  the  shell  has 
been  removed;  Tu,  Section  of  the  outer  shell ;  Oc,  ovary;  OrZ,  oviduct;  Oe,  opening  of 
oviduct ;  Ad,  adductor  muscle  ;  Sc,  scutum  ;  Te,  tergum  ;  A',  anterior  antennje. 


both  cases  the  attachment  is  effected  pi-incipally  by  the  hardening  of 
the  secretion  of  the  so-called  cement  gland,  which  opens  on  the 
penultimate  joint  of  the  small  and  delicate  anterior  antenna;  this 
joint  being  dilated  to  form  a  sort  of  sucker.  The  body,  which  is 
surrounded  by  the  mantle  and  its  shell-plates,  lies  with  its  hinder 
region  .stretched  upwards  so  that  the  appendages,  which  are  used  to 
cause  currents  in  the  water,  may  be  protruded  from  the  slit-like 
space  left  on  the  ventral  side  between  the  paired  scuta  and  terga. 
Appendages  and  external  features.— A  head  with  antenna  and 
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jaws  can  be  distinguished  from  the  region  of  the  body  (thorax)  bearing 
the  bii-amous  appendages,  but  there  is  no  distinct  boundary  between 
these  two  regions.  The  anus  is  situated  at  the  extremity  of  the 
small  stunip-like  abdomen,  which  succeeds  the  thorax  and  is  often 
only  indicated  by  two  caudal  appendages.  Posterior  antennae  are  in- 
variably absent,  while  the  antei-ior  pair  pei-sists,  even  in  the  adult,  as 
small  organs  of  attachment.  The  oral  apparatus  is  situated  on  a 
ventral  prominence  of  the  cephalic  region,  and  consists  of  an  uppei- 
lip  with  palps,  two  mandibles  and  four  maxillae,  of  which  the  two 
last  unite  to  form  a  sort  of  under  lip.    On  the  thorax  there  are 

usually  six  pau\s  of  many- jointed 
biramous  appendages,  the  elongated 
cu-riform  rami  of  which  are  richly 
beset  with  haii-s  and  setae  and 
serve  to  set  up  currents  in  the 
water  in  which  the  particles  of  food 
are  brought  to  the  animal.  The 
stump -shaped  abdomen  bears  an 
elongated  cirrus,  which  is  bent  to- 
wards the  ventral  surface  between 
the  thoracic  appendages,  and  con- 
stitutes the  male  copulatory  organ. 
There  are  numerous  and  very  pecu- 
liar variations  in  the  shape  of  the 
whole  body.  Not  only  may  the  de- 
position of  calcareous  matter  in  the 
mantle  be  wanting,  and  the  bira- 
mous thoracic  appendages  be  reduced 
in  number  or  even  absent,  but  the 
mouth  parts  and  the  appendages 
may  also  be  lost  [Feltogastridce), 
and  the  body  may  be  reduced  to 
the  form  of  an  unsegmented  tube, 
sac,  or  lobed  disc. 

Nervous  system  and  sense 
organs. — The  Cirripedia  possess  a  paired  cerebral  ganglion  and  a 
ventral  chain  of  ganglia,  of  which  there  are  usually  five  pau-s,  but 
which  are  sometimes  fused  to  a  common  ganglion  mass  {Balanidce). 
There  is  a  double  eye,  which,  although  rudimentary,  corresponds 
to  the  unpaired  Nauplius  eye, 
.An  alimentary  canal  is  absent  only  in  the  Rhizocephala.    In  the 


Fig.  349.— The  organization  of  Lepas, 
after  removal  of  the  integument. 
Cd,  Cement  gland  and  duct;  L, 
liver ;  T,  testis  ;  Vd,  vas  deferens  ;  Ov, 
ovary;  Od,  oviduct;  Cf,  thoracic 
appendages.  Other  letters  as  in 
fig.  348. 
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Lepadidce  and  the  Balanidce,  the  alimentaiy  canal  consists  of  a 
narrow  oesophagus,  a  saccular  dilated  stomach  provided  with  several 
cfecal  (hepatic)  diverticula,  an  elongated  chyle-forming  intestine,  and 
a  short  rectum,  which  is  only  sometimes  clearly  marked  off  from  the 
intestine  (fig.  349).  The  RhizoGe2)hala  (fig.  354,  a),  which  are  with- 
out an  alimentary  canal,  possess  root-like  processes  of  the  paren- 
chyma, which  ramify  in  the  viscera,  especially  the  liver  of  Decapods, 
and  absorb  from  them  endosmotically  the  nutritive  juices  (as  in 
Anelasma). 

Special  glandular  organs,  the  so-called  cement  glands  (pecuKar  to  the 
Cirrijjedia),  open  on  the  sucker  of  the  persistent  (anterior)  antennae  : 
the  animal  is  fixed  by  then-  secretion,  and  the  Rhizoceiohala  alone 
seem  to  be  en- 
tu-ely  without 
them. 

A  heart  and 
vascular  sys- 
tem, seem  to 
be  wanting  in 
all  cases.  The 
tubes  which  are 
present  on  seve- 
ral thoracic  ap- 
pendages o  f 
many  Lepadidce, 
are  regarded  as 
branchiae,  as 
are  also  two 
plicated  lamel- 
lae on  the  inte- 
rior of  the 
mantle  of  the 


Fig.  ZhQ.—Alciji-pe  lampoD  (after  Ch.  Darwin.)  a,  Male,  very  strongly 
magnified ;  A',  antenna? ;  T,  testis  ;  Vs,  seminal  vesicle ;  D,  redu- 
plicature  of  the  skin  ;  0,  eye ;  P,  penis,  b,  Longitudinal  section 
through  female;  F,  maxiUiped;  Qf,  the  three  pairs  of  legs;  Ov, 
ovary. 


Balanidce. 

Generative  organs.— The  Cirripedia  are,  with  a  few  exceptions, 
hermaphrodite.  The  testes  are  branched  glandular  tubes,  and  lie 
at  the  sides  of  the  ahmentary  canal  (fig.  349,  T).  The  vasa  deferentia 
which  chlate  into  vesiculse  seminales  reach  to  the  base  of  the  cirri- 
form  penis,  in  which  they  unite  to  form  a  common  ductus  ejacula- 
torius  opening  at  the  point  of  the  penis  (Vd).  The  ovaries  in  the 
Balanidce  lie  in  the  basal  part  of  the  body  cavity  (fig.  348,  Ov)  ;  in 
the  Lepadido}  (fig.  349)  they  are  moved  into  the  prolongation  of 'the 
head,  which  is  known  as  the  stalk.     The  oviducts,  according  to 
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Fig.  351  .-a.  Larer  Nauplius  larva.  A,  anus ;  01,  proboscis  with 
moiith  ;  //,  frontal  liorns ;  D,  intestine ;  A',  A",  Ist  and  2nd 
antennte;  Mdf,  mandibular  foot  (third  pair  of  appendages). 
b,  Metanauplius  larva  of  Balanus  hefoie  the  moult.  Beneath 
the  skin  are  the  rudiments  of  the  lateral  eyes  (O)  and  all  the 
appendages  F'  to  P-'  of  the  Cypris  stage  ;  Ff,  frontal  hlament ; 
0'  unpaired  eye  ;  Dr,  gland  cells  of  the  anterior  horns ;  A , 
the  antennro  with  suctorial  di.sc  ;  Mx  rudiment  of  maxilla. 


Krohn,  open  on  a 
prominence  on  the 
basal  joint  of  the 
anterior  pair  of 
thoracic  appen- 
(Liges.  The  egg.s 
accumulate  in  the 
cavity  between  the 
mantle  and  the 
body  in  large 
thin  -  walled  flat- 
tened .sacs,  which, 
in  the  Lepaduhe, 
are  attached  to  a 
fold  of  the  mantle 
and  are  packed  to- 
gether on  the  doi- 
sal  surface  of  the 
animal. 

In  spite  of  the 
hermaphrodit  ism, 
theie  are,  accord- 
ing to  Darwiii,  in 
certain  genera 
(Ibla,  Scaljjellum) 
very  simply  orga- 
nised dwarfed 
males  of  peculiar 
form,  the  so-called 
comp  lemental 
males,  which  are 
attached  like  para- 
sites to  the  body 
of  the  hermaphro- 
dite.    There  are 
also  dioecious  Cii'- 
ripedes    with  a 
strongly  marked 
dimorphism  of  the 
sexes.   This  is  the 
case  mth  Scaljjel- 
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htm  o')matuni -AXiii  Ibla  Cumingii;  also  with  the  remarkable  genera 
Cryptophiahts  and  Alcippe  (fig.  350).  The  males  of  these  forms  are 
not  only  small  and  dwarfed,  but  also,  according  to  Darwin,  have 
neither  mouth,  digestive  canal,  nor  thoracic  appendages.  As  a  rule, 
two  or  sometimes  more  attach  themselves  to  the  body  of  the  female. 

Development. — The  eggs,  while  still  within  the  brood-pouch, 
undergo  an  ii-regular  segmentation.  The  clear  cells  arrange  them- 
selves around  the  food  yolk  in  the  form  of  a  blastoderm,  the  ventral 
side  of  which  soon  becomes '  considerably  thickened  in  consequence  of 
the  appearance  of  the  mesodermic  layer.  The  larva?  leave  the  egg 
as  Nauplii  (fig.  351,  a,  b),  of  oval  or 
pear-shaped  form,  with  unpaired 
frontal  eye,  lateral  frontal  horns, 
and  three  pairs  of  appendages,  of 
which  the  anterior  is  simple,  the 
two  next  biramous  and,  closely  beset 
with  swimming  setse. 

Aftei-  several  moults,  the  larva, 
which  has  grown  to  a  considerable 
size,  enters  on  a  new  stage  of  de- 
velopment, the  so-called  Cypris  stage 
(pupa)  (fig.  352).    The  reduplica- 
ture  of  the  skin  has  the  form  of  a 
bivalve   mussel-like  shell,  through 
the  gaping  ventral  edges  of  which 
the  appendages  can  be  protruded. 
While  the  form  of  the  shell  recalls 
that  of  the  Ostracoda,  the  structure 
of  the  body,  so  far  as  the  segmenta- 
tion and  form  of  the  appendages  are 
concerned,  approximates  to  that  of 
the   Cojjepoda.     The  anterior  ap- 
pendage of  the  Nauplius  larva  has 
given  rise  to  a  four-jointed  antenna, 
the  penultimate    joint   of  Avhich' 
has  become  large  and  disc-shaped  and  contains  the  opening  of  the 
cement  gland,  while  the  terminal  joint  bears  in  addition  to  tactile 
setje  one  or  two  dehcate  lancet-shaped  olfactory  hairs.    The  frontal 
horns  are  transformed  into  two  conical  prominences  near  the  an- 
terior margin.     Of  the  two  pairs  of  biramous  appendages,  those 
which  correspond  to  the  second  pair  of  •  antennae  are  cast  ofF,  while 


Fig.  352. — Median  section  through  a 
pupa  of  Lr'pas.  A'  Attaching  antenna 
C,  carina;  2'e,  tergum;  Sc,  scutum 
Ol\   ovary ;  G,  cerebral  ganglion 
&!/,  ganghonic  chain ;  B,  alimentary 
canal ;  Cd,  cement  gland ;  ML;  oral 
cone ;  Ab,  abdomen ;  P,  rudiment  of 
the  penis  ;  M,  muscle. 
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the  posterior  pair  becomes  the  rudiment  of  the  anterior  jaws 
(mandibles)  of  the  oral  cone,  which  is  still  closed  and  on  which  the 
first  rudiments  of  the  maxillae  and  under  lip  are  already  visible. 
The  oral  cone  is  followed  by  the  thoracic  region  with  six  pairs  of 
biramous  Copepod-like  swimming  feet,  and  a  minute  three-jointed 
abdomen,  which  terminates  in  two  caudal  appendages  and  caudal  sette. 
The  pupa  has  a  lai-ge  paii-  of  compound  eyes  at  the  sides  of  the  un- 
pau-ed  eye-spot,  and  swims  about  by  means  of  its  swimming  feet.  It 
appears  not  to  take  in  food.  The  material  necessary  for  its  further 
changes  is  stored  up  principally  in  the  cephalic  and  dorsal  regions  in 
the  form  of  a  largely-developed  fat  body. 

After  swimming  about  for  a  longer  or 
shorter  time,  the  pupa  fixes  itself  by 
the  suctorial  disc  of  its  bent  antennae 
to  some  foreign  body.  The  parts  of  the 
adult  Ciii'ipede  are  now  visible  beneath 
the  skin,  and  the  cement  gland  begins  to 
secrete  a  cement,  which  hardens  and  so 
brings  abovit  the  permanent  attachment 
of  the  young  animal.  In  the  Lejmdidce 
the  region  of  the  head  above  and  be- 
tween the  antennte  grows  so  much  that 
it  projects  from  the  pupal  integument, 
beneath  which  the  calcareous  pieces  of 
the  shell  of  the  Cirripede  can  be  seen, 
and  after  the  moulting  of  the  chitinous 
skin  of  the  piipa  constitutes  the  fleshy 
peduncle  by  which  the  animal  is  attached, 
and  into  which  the  rudiments  of  the  ova- 
ries project  (fig.  353).  The  paired  eyes  of 
the  free-swimming  Cypris  larva  disappear, 
while  the  unpaired  pigment  spot  remains. 
The  mouth  parts  become  fully  differen- 
tiated, and  the  biramous  swimming  feet  become  short,  many-jomted 
cirriform  appendages. 

The  Cirripedia  are  marine  animals.  They  attach  themselves  to 
various  foreign  objects.  They  are  found  fixed,  usually  in  groups,  to 
logs  of  wood^  rocks,  mussel  shells,  Crustacea,  the  skin  of  whales,  etc. 
Some,  as  Lithotrya,  Alcippe,  and  the  Gryptopialidoi,  are  able  to  bore 
into  Lammellibranch  shells  and  Corals,  while  the  RMzocephaU  are 
parasitic  on  Crustacea.     In  the  RUzoceplmla  the  bod}-  is  saccular. 


Pig.  353.— Young  liepas  after 
disappearance  of  the  two  horny 
valves  of  the  shell  and  the 
straightening  of  the  anterior 
part  of  the  head  (stalk) ,  which 
in  the  pupa  stage  is  bent. 
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and  the  animal  loses  all  its  appendages  and  its  alimentary  canal,  and 
extracts  the  juices  of  its  host  {pecapoda)  by  means  of  root -like 
processes  (fig.  354). 

1.  Pedunculata.  There  is  a  peduncle  and  six  pairs  of  biramous 
feet ;  the  mantle  has  usually  carina,  scuta,  and  terga. 

Fam.  Lepadidae.  Peduncle  well  marked,  and  not  provided  with  calcareous 
plates.  There  is  a  membranous  mantle,  which,  as  a  rule,  is  provided  with  five 
shell  plates,  of  which  the  scuta  and  terga  lie  behind  one  another  (fig.  348,  ci). 
Lepm  L.  (Anatifa  Brug.),  L./ascictdaris  Ellis,  (ritrea  Lam.)  Found  from  the 
Northern  Seas  to  the  South  Sea.   L.  anatifera  L.,  cosmopolitan.  Conchoclcrma 


KiG.  354.-a,  SaectiUna  picrptirea  (aftjr  Fr.  Miiller).  Or,  Apertui-e  of  the  mantle  sac ;  W, 
root-like  processes  ;  X,  genital  aperture,  b,  Naupliiis  larva  of  Sacadina.  A',  A",  Mdf, 
appendages,  c,  Pupa  of  Lemceodiscns  porcellarKE  (after  Fr.  Miiller).  F,  The  six  pairs  of 
legs ;  Ab,  abdomen  ;  A',  attaching  antennaj ;  O,  eye. 

Olf.  {Otion,  Cineraa  Leach.),  C.  virr/ata  Spengl.,  frequently  attached  to  ships. 
a  auHta  L.,  Anelanma  Darwin.  The  st^ilk  is  provided  with  root-like  processes, 
which  grow  into  the  skin  of  Sqvalidce.    A.  f^qvalicola  Lovdn, 

Fam.  Pollicipedidae.  Peduncle  not  sharply  distinct,  scaly  or  hairy.  The 
shell  plates  very  strong,  numerous.  The  scuta  and  terga  lie  close  to  one 
another.  There  are  sometimes  complemental  males.  PoJUHpcs  cornurojna 
Leach.,  Ocean  and  Mediten-anean.  Scalprllnm  vulgare  Leach.,  North  Sea  and 
Mediterranean.  Sc.  ornatum  Gray,  South  Africa.  Ibla  quadrivalvis  Cuv., 
South  Australia.    ./.  Cwmingii  Darw,,  Philippines. 
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2.  Operculata.  The  peduncle  is  absent  or  rudimentary.  The 
body  is  surrounded  by  an  external  ring  of  plates  at  the  extremity  of 
which  the  scuta  and  terga  form  an  operculum,  wliich  is  usually  freely 
movable  and  provided  with  depressor  muscles  (fig.  348,  b). 

Fam.  Balanidae.  Scuta  and  terga  freely  movable  and  articulating  with  one 
another,  'i'he  gills  are  formed  each  of  a  fold.  Balanm  tinthmahvhim  L. 
Widely  distributed  and  found  in  a  fossil  form.  B.  iiiiprov/.sii.s  Darw.  F<juiid  in 
brackish  water. 

Fam.  Coronulidae.  Scuta  and  terga  freely  movable,  but  not  articulating 
with  one  another.  The  two  gills  formed  each  of  two  folds.  TuhiclnMa 
traoliealis  Shaw.,  South  Sea.  Coronvla  halcBiiavis  L.,  Antarctic  Ocean.  C. 
diadema  L.,  Arctic  Occau. 

3.  Abdominalia.  The  irregularly  segmented  body  is  enclosed  in 
a  flask-shaped  mantle,  and  bears  on  its  terminal  portion  three  pairs 
of  cii'riform  feet.  Mouth  parts  and  alimentary  canal  completely 
developed.  The  sexes  are  separate.  They  live  as  parasites  buried 
in  the  calcai'eous  shell  of  Cirri2)edia  and  Mollusca. 

Fam.  Alcippidse.  With  four  pairs  of  feet,  of  which  the  tirst  pair  is  palpiform, 
and  the  two  last  are  uniramous  and  composed  of  few  elongated  joints.  The 
sexes  are  separate.  The  female  bores  into  Mollusc  shells.  The  male  is  dwarfed, 
and  is  without  mouth,  stomach,  or  feet.  Ale'qjpe  lavipas  Hanc,  bores  into 
the  columella  of  the  shells  of  Fusus  and  Buccimm.  Found  on  the  coa.st  of 
England. 

Fam.  Cryptophialidae.  They  have  three  pairs  of  feet  at  the  posterior  end  of 
the  body.  Cr ijptoplii ahis  Darw.,  sexes  separate.  Cv.  minutus  Darw.,  in  the 
shell  of  Concholcpast  Pevvriaiia.  found  on  the  west  coast  of  South  America. 
Kochlorine  havuita  Noll,  lives  in  excavations  in  the  shell  of  HaUotis. 

4.  Apoda.  The  body  is  segmented,  and  is  composed  of  eleven 
rings.  There  is  no  special  reduplicatui-e  of  the  mantle.  The  shape 
resembles  that  of  a  maggot.  The  attaching  antenna?  are  elongated 
to  the  form  of  a  band.  The  mouth  is  adapted  for  sucking,  and  has 
mandibles  and  maxillae.  Feet  absent.  The  digestive  canal  is  rudi- 
mentary. They  live  parasitically  in  the  mantle  of  other  Cu-ripedia. 
They  are  hermaphrodite. 

Fam.  Proteolepadidse  with  the  single  genus  Proteoh'pat  Darw.,  Pr.  hivineta 
Darw.,  West  Indies. 

5.  Rhizocephala*  (Suctoria).  Body  tubular  or  saccular,  ^\ithout 
segmentation  or  appendages;  with  narrow,  short  pedu}icle  for 
attachment,  from  wluch  branched,  root-like  filaments  arise.  The 

*  W  Lilljeborg,  "Les  genres  Liriope  et  Peltogastcr, "  Xora  acta  ri-g.  xor. 
SGicn  Upsal.  Ser.  3,  vol.  iii.,  1800.  Fr.  MUller,  •'  Die  Rhizocephalen."  Archie 
fur  Kutvrge.sc/i.,  1862  and  1868.  R.  Kossniann,  ••  Beitriige  zur  Anatomic  der 
schmarotzenden  Uankenf ussier,"  }'rrh.  (h-r  vied.-jihijx.  acsclhch,  Wurzlnirg. 
ISeuc  Folge,  Tom.  IV. 
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latter  pierce  the  body  of  the  host,  and  carry  nourishment  to  the 
pai-asite.  Mantle  saccular,  and  without  calcareous  plates,  with 
narrow  aperture  which  can  be  closed.  Mouth  and  alimentary  canal 
absent.  The  testes  are  usually  paired,  lie  between  the  ovaries,  and 
open  into  the  brood-pouch.  The  Rhizocephala  live  principally  as 
parasites  on  the  abdomen  of  the  Decapoda,  and  wind  their  root-like 
filaments  around  the  viscera  of  the  latter. 

Fam.  Peltogastridae.  Peltoffastcr  jJaf/w'i  ^a-thke.  SarcnU7ia  ca7'ci7iiTh.om];)S., 
Zcrnoiodisciix  jwrrellcin(P  Fr.  Miill.,  Brazil. 


II.— MALACOSTEACA. 

The  Malacostraca  differ  from  the  Entomostraca  in  possessing  a 
constant  number  of  segments  and  paired  appendages.  The  boundary 
between  the  head  and  thorax  cannot  be  absolutely  fijced  on  account 
of  the  varying  number  of  anterior  paii-s  of  legs  which  are  modified 
to  form  jaws.  These  regions  are  composed  of  thirteen  segments 
altogether,  and  beai-  the  same  number  of  pairs  of  appendages,  while 
the  abdomen,  which  is  always  distinct,  includes  six  segments  and  the 
same  mimber  of  paired  limbs  and  terminates  with  an  anal  plate 
(telson)  derived  from  the  terminal  portion  of  the  body. 

Amongst  the  living  Mcdacostraca  there  is,  however,  a  single  group 
of  forms  (Nebalia)  (fig.  355,  a,  b),  which  differ  in  having  a  lai^ger 
number  of  abdominal  segments.  They  have,  in  addition  to  the  six 
abdominal  segments  with  appendages,  two  segments  without  appen- 
dages, and  an  elongated  Phyllopod-like  caudal  fork.  This  I'emarkable 
form  was  for  a  long  time  regarded  as  a  Phyllopod,  aiid  in  many  of  its 
characters  represents  a  connecting  link  between  the  Phyllopoda  and 
the  Malacostraca.  The  structure  and  segmentation  of  the  head  and 
thorax  resembles  that  of  the  Malacostraca,  but  the  terminal  region  of 
the  abdomen  does  not  present  the  special  form  of  a  caudal  plate  or 
telson.  In  Nebalia  we  probably  have  to  do  with  an  ofishoot  of  the 
Phyllopod-like  ancestors  of  the  Malacostraca,  which  has  persisted  to 
the  present  time. 

The  head  includes  in  all  cases,  behind  the  mandibulai-  segment 
on  which  two  paragnathi  form  a  kind  of  underlip,  the  segments  of 
two  pairs  of  maxillte.  The  latter  preserve  more  or  less  the  characters 
of  Phyllopod  feet.  The  head,  therefore,  consists  of  five  segments,  each 
with  its  pair  of  appendages,  viz.,  two  pairs  of  antennfe,  one  pair  of 
mandibles,  and  two  pairs  of  maxillae.    It  is  followed  by  the  thorax 
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which  is  composed  of  eight  segments.  The  eight  pairs  of  thoracic 
appendages  may  have  an  exactly  similar  shape,  and  possess  two 
separate  and  many-jointed  rami.  This  form  of  thoracic  appendage 
is  characteristic  of  the  Schizopoda  ;  in  Nebalia*  the  thoracic  appen- 


stalked  eye  ;  M,  crop  ;  D,  intestine  ;  S,  shell    G,  vas  deferens. 


*  Aclalia  is  best  placed  in  a  s])ecial  group,  LejJtoxtraca,  between  i\K  Entovio>;- 
traca  and  3Mw-ostram.  The  palieozoic  fossil  genera  II,ivu')wcar,.%  Peltocans. 
etc.,  would  have  to  be  placed  in  such  a  group. 
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dages  closely  resemble  the  typical  Phyllopod  limb.  As  a  rule,  how- 
ever, some  of  the  anterioi-  thoracic  legs  take  part  in  preparing  the 
food  and  have  a  form  intermediate  between  maxillae  and  thoracic 
legs.  Such  are  called  foot- jaws  or  maxillipeds.  In  the  Arthrostraca 
the  anterior  pair  of  thoracic  appendages  only  are  so  modified,  and  the 
segment  bearing  them  joins  the  head ;  the  thorax  is,  therefore,  in 
this  group  composed  of  seven  segments,  each  with  its  pair  of  appen- 
dages. In  other  groups  of  Malacostraca  the  next  or  two  next  pairs 
of  thoracic  legs  have  the  form  of  maxillipeds,  so  that  there  is  no 
sharp  division  between  the  head  and  thorax.  The  latter  is,  at  least 
partially,  covered  by  a  shield-like  reduplicature  of  the  skin,  which 
morphologically  corresponds  to  the  Phyllopod  shell  and  forms  a 
more  or  less  extensive  carapace,  which  fuses  with  the  back  of  the 
thorax,  and  under  which  the  posterior,  rarely  all  the  thoracic  seg- 
ments may  remain  separate  as  free  rings. 


Order  1. — Arthrostraca.* 

Malacostraca  loithlateral  sessile  eyes,  usually  with  seven,  more  rarely 
with  six  or  fewer  separate  thoracic  segments,  and  the  same  number  of 
pairs  of  legs.    Withoict  a  reduplicature  of  the  skin. 

The  head  bears  four  antennje,  the  two  mandibles,  four  maxillse, 
and  a  pair  of  maxillipeds ;  in  all  six  pairs  of  appendages.  A  small 
bilobed  plate,  distinguished  as  the  under-lip,  behind  the  pair  of 
mandibles,  marks  the  boundary  of  the  primary  region  of  the  head. 
The  two  pairs  of  maxillae  as  well  as  the  maxillipeds  are  secondary 
cephalic  appendages  derived  from  the  thoracic  region  of  the  body. 

Behind  the  head  there  are  usually  seven  free  thoracic  rings  with 
the  same  number  of  pairs  of  appendages,  which  are  adapted  for 
creeping  or  swimming.  The  number  of  distinct  thoracic  segments  is 
in  rare  cases  reduced  to  six  (Tanais)  or  five  (Anceus),  the  anterior  or 
the  two  anterior  segments  of  the  thorax  becoming  intimately  con- 
nected with  the  head.  In  the  latter  case  a  more  or  less  extensive 
cephalothor-acic  carapace  is  formed.  The  abdomen  which  follows  the 
thorax  includes,  as  a  rule,  six  segments  bearing  limbs,  and  a  simple 
or  split  plate  without  appendages  and  representing  the  terminal 
segment.  The  number  of  the  abdominal  segments  and  appendages 
may,  however,  be  reduced  {Isopoda),  and  the  entire  abdomen  may 

*  Besides  the  works  of  Latreille,  M.  Edwards   nnnn  ot,^ 
Spence  Bate  and  .J.  0.  Westwood,  "A  iSow  of  the  Britif ''■T^''''^ 
Crustacea/'  Tom.  I.  and  II.,    London,  ISOS-I^GS     0^0  "  Lr 
naturelle  des  Crustacos  d'eau  douce  de  Noryeo-e,"  Christiania,  1^7.  ""^ 
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even  be  reduced  to  an  unsegmented  stump-shaped  appendage 
(^Lcemocli2)oda). 

The  nervous  system  consists  of  a  cerebral  ganglion  and  a  ventral  gan- 
glionic chain,  which  is  most  distinctly  composed  of  two  lateral  halves. 
In  the  Isojyocta  there  is  also  an  unpaired  visceral  nerve.  The  two  eyes 
are  always  sessile,  compound  eyes,  with  smooth  or  facetted  cornea; 
they  are  never  stalked.  Delicate  olfactory  fibres  are  often  present 
on  the  anterior  antennae,  and  are  especially  numerous  in  the  male 


sex. 


The  alimentary  canal  begins  with  a  short  oesophagus,  which  passes 
upwards  to  open  into  a  wide  crop,  supported  by  firm  horny  bands 
and  often  armed  -with  strong  chitinous  plates.  The  crop  leads  into  a 
long  intestine  pro\Hded  with  two  or  three  pairs  of  tubular  liepatic 
glands.  The  rectum,  which  may  possess  one  or  two  tubular  appen- 
dages (probably  urinary),  opens  at  the  posterior  end  of  the  body. 

The  antennal  gland  opens  on  the  basal  segment  of  the  posterior 
antenna,  often  vipon  a  conical  protuberance. 

Vascular  system. — A  heart  is  always  present  as  the  central  organ 
of  the  circulation.  It  may  either  have  the  form  of  a  tube  extending 
along  the  whole  length  of  the  thorax  {Am2)M2)oda) ;  or  it  may  be 
saccular  and  placed  in  the  abdomen  (Isopoda).  In  the  first  case  the 
gills  are  placed  on  the  thoracic  feet  as  tubular  appendages :  in  the 
latter,  on  the  other  hand,  they  are  placed  on  the  abdomen.  From  the 
heart  the  blood  passes  through  an  anterior  and  posterior  aorta,  and 
usually  through  lateral  arteries.  The  vessels  conduct  the  blood  into 
the  body  cavity,  whence  it  returns  in  regular  streams  to  the  lateral 
paired  slits  of  the  heart. 

Generative  organs. — The  Arthrostraca  are  of  separate  sexes.  The 
males  are  frequently  distinguished  from  the  females  by  the  modifica- 
tion of  certain  parts  of  the  appendages  to  form  prehensile  organs,  by 
a  greater  development  of  olfactory  hairs  on  the  anterior  antenna?,  and 
by  the  position  of  the  sexual  and  copulatory  organs.  It  is  rare  to 
find  a  strongly  marked  dimorphism  of  the  sexes  {Bopyr^s,  Praniza). 
The  generative  organs  open  either  at  the  posterior  part  of  the  thorax 
or  at  the  base  of  the  abdomen ;  the  female  always  on  the  ante- 
penultimate pah',  the  male  on  the  last  pair  of  the  thoracic  appen- 
daoes  or  between  the  fii-st  of  the  abdomen  {Isopoda).  The  ovaries 
are  two  simple  or  branched  tubes  with  the  same  number  of  oviducts. 
The  testes  similarly  seem  to  be  composed  of  one  {Amphipoda)  or 
more  (3)  pairs  of  tubes  (Isopoda),  the  efferent  ducts  of  which  (^asa 
<leferentia)  either  remain  separate  or  unite  to  form  a  copulatory 
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organ.  Appendages  of  the  legs  may  also  be  present  as  additional 
aids  to  copulation.  The  mature  ova  are,  as  a  rule,  carried  about  by 
the  female  in  brood  pouches  formed  by  the  lamellar  appendages  of 
the  thoracic  feet  {oostegites).  Development  as  a  rule  takes  place 
without  metamorphosis,  but  the  form  and  appendages  of  the  young 
animal  not  unfrequently  differ  from  those  of  the  adult  animal 
{Phronima).  The  segments  and  the  appendages  may  even  be  incom- 
plete in  number  after  birth  (Isopoda). 

Fossil  Arthrostraca  are  found  in  the  OoHte  {Archceoniscus).  Pro- 
sopo7iiscv.s  occurs  in  the  Permian,  Amphi^yeltis  in  the  Devonian. 


1.  Sub-^order. — ^Amphipoda.* 

Arthrostraca  ivith  lateralis/  compressed  body,  with  gills  on  the 

thoracic  feet,  and  an  elongated  abdomen,  of  which  the  three  anterior 

segments     bear  the 

sioimming  feet,  lohile 

tlie    three  ^:)os^e?'z'o?" 

hear  posteriorly  di- 
rected feet  adap)ted for 
springing  (fig,  356). 

The  A  mphipoda 
are  small  animals, 
being  only  in  rare 
cases  several  inches 
long  {Lysianassa 
magellanica).  They 
mov^e  in  the  water 
principally  by  spiing- 


mg 


Fig.  Z^G.-Bammarm  noglectus  (after  G.  O.  Sars),  with  e<^ff8 
between  the  brood  lamelte  (oostegites)  on  the  thorax 
^ ,  ^  ,  the  two  antennse ;  Kf,  maxilliped ;      to  F'  the 
seven  pairs  of  thoracic  appendages  ;  Sf,  the  first  swim-  ' 
mmg  foot  of  the  abdomen. 

and  by  swim- 
ming.   The  head,  which  is  sometimes  small  {Crevettina,  fig.  356) 
sometimes  large  and  then  much  swollen  {Hyperina,  fig.  357), 
sharply  distinct  from  the  thorax  and  is  fused  ivith  the  first  of  the 
seven  thoracic  segments  only  in  the  aberrant  group,  of  the  Lcemodip>oda 
The  two  pairs  of  antennfe  usually  consist  of  a  short  strong  shaft 
*  Besides  the  older  works  of  De  Geer,  Rosel  M  Fdwirrl^  «fr. 
Spence  Bate  "0.  the  Morphology  of  some  AmKoda  oT       Kvis  on  EK"?' 
ina  '  Ann.  of  ^ at.  Hist..  Ser.  2.  vol.  xix..  1857.    C.  SDence  filf p  -  n 
mdification  of  Crustacea,"  Ann.  of  Nat.  Ilht   Ser  3  vol  ?  r-  \  '     ^'l  ^^^^ 
"  Catalogue  of  the  specimens  of  Amphipodous  Crustace'i  in  VL  .^ii^r'"  ?'''t^' 
British  Museum,"  Loudon.  1862.    E.  ?an  BeiSeTet  Z  ^-^^^^ 
sur  la  formation  du  Blastoderme  chez  les  aZwoIs  '  /^^'^"""e 

C.  Claus.    Der  Organismus  d<3r  PhronimMeu     ^2?^  ?' Bruxelles.  1868. 
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and  a  long  niultiarticulate  fiagellum,  which,  however,  may  be  more  or 
less  riidinientary.  Tlie  anterior  antennte,  which  are  always  longer 
in  the  male,  often  bear  a  short  accessory  liagellum  and  present 
numerous  modifications  in  their  special  form.  In  the  llyperina  they 
are  very  shoii  in  the  female ;  while  in  the  male  they  are  of  consider- 
able length  and  are  closely  beset  with  olfactory  liairs.  The  posterior 
anterinfe  are  frecpiently  longer  than  the  anterior :  in  the  male 
Typhidm  they  are  folded  in  a  zigzag  fashion,  and  in  the  Corophiidce 


G.  UT.-Phronima  sedenfaria,  a,  female;  b,  male.  O,  eyes;  A;  A",  the  two  pau'S  of  an 
tennffi  ;  Kf,  jaws  ;  D,  intestine  ;  I£,  heart  and  aorta;  X,  gills  ;  Ov  ovary;  N,  nervous 
system  ;  Dr,  glands  in  the  chela  of  the  fifth  paii-  of  legs  ;  G,  gemtal  openmg. 

are  modified  to  form  strong  pediform  appendages.  In  the  female,  on 
the  contrary,  they  may  be  degenerated  and  represented  only  by  the 
basal  joint  [phronima)  (fig.  357,  a  and  h). 

The  mandibles  are  powerful  biting  plates  with  a  sharp,  usually 
toothed  edge  and  a  lower  masticating  process.  They  usually  possess  a 
three-jointed  palp,  which  is  occasionally  reduced.    The  anterior  bi- 
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lobed  maxillse  also  have  as  a  rule  a  short,  two-joiiited  palp,  while  the 
maxilliB  of  the  second  pair  are  reduced  to  two  lamellae  of  considerable 
size  attached  to  a  common  base.  The  maxillipeds  fuse  to  form  a  sort 
of  underlip,  which  is  either  tri-lobed  {Hyperina)  or  bears  upon  a  com- 
mon basal  portion  an  internal  and  external  pair  of  lamellae,  of  which 
the  latter  may  be  considered  as  the  basal  joint  of  a  lai-ge  multiai-- 
ticulate  and  frequently  pediform  palp  [Crevettina  and  Lcemodipoda). 

Delicate  lamellae  or  tubes,  which  are  attached  to  the  coxal  joints  of 
the  thoracic  legs,  function  as  gills;  the  active  movements  of  the 
abdominal  swimming  feet  cause  a  constant  renewal  of  the  water 
around  them.  In  the  female  there  are  in  addition  to  the  sills 
lamellar  plates  (postegites),  which  are  applied  together  under  the 
thorax  to  form  a  brood-pouch. 

The  males  are  distinguished  from  the  females  not  only  by  the 
absence  of  the  oostegites,  but  chiefly  by  the  stronger  development  of 
the  prehensile  hooks  on  the  anterior  thoracic  feet  and  the  different 
formation  of  the  antennae. 

The  eggs  pass  into  the  brood-pouch  and  there  develop.  The  yolk 
sometimes  {G.  locusta  and  other  marine  species)  undergoes  a  com- 
plete segmentation.  Sometimes  {G.  index),  after  a  superficial  seg 
mentation,  a  peripheral  ceU  layer  is  separated,  which  develops  into 
a  delicate  blastoderm  beneath  the  egg  membrane.  A  ventral 
primitive  streak  is  then  formed,  and  on  the  dorsal  side,  beneath  a 
differentiation  which  has  been  erroneously  taken  for  a  micropyle, 
a  peculiar  globular  organ  makes  its  appearance  :  this  is  the  first  rudi- 
ment of  the  cerxdcal  gland  {dorsal  organ),  which  is  confined  to  em- 
bryonic life.  The  appendages  are  developed  from  before  backwards 
on  the  ventrally  flexed  body  of  the  embryo.  The  young  animals 
usually  possess  at  hatching  all  their  appendages  and  in  all  essential 
pomts  have  the  structure  of  the  adult  animal,  but-  the  number  of 
joints  of  the  antennae  and  the  special  form  of  the  legs  stHl  present 
differences.  In  the  Hyperina  alone  the  just  hatched  young  may  be 
Avithout  abdominal  feet  and  differ  so  much  in  their  form  ^from'  the 
adult  that  they  may  be  said  to  undergo  a  metamorphosis. 

The  Amphipoda  for  the  most  part  live  in  fresh  and  salt  water 
and  lead  an  independent  life  (the  presence  of  Arctic  species  in  the 
Swedish  and  Norwegian  seas  is  very  interesting).  Some,  however 
live  m  tubes  {Cerapus),  others  in  holes  gnawed  in  wood  (Chelura) 
The  large  size  of  the  deep-sea  forms  is  of  special  interest ;  amongst 
these  ^  Gc^nmarid,  allied  to  the  genus  Iphimedia,  and  Cystosoma 
Neptum  (Hyperidm)  become  several  inches  in  length.    The  Hyperina 
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live  principally  in  transparent  marine  animals,  especially  in  Medv^ce, 
and  may,  as  tlie  female  Phronima  sedentaria,  take  up  their  abode 
with  their  entire  brood  in  transparent  Pijrosoma,  whose  internal 
parts  they  eat  up.  The  Gyamidm  among  the  LcBuiodijioda  are 
parasitic  on  the  skin  of  whales. 

Tribe  1. — Laemodipoda. 

Amphipoda  xoith  cervically  placed  anterior  legs  and  rv/limentary 
ajjodal  abdomen. 

The  anterior  thoracic  segment  is  moi-e  or  less  closely  fused  with 
the  head  and  the  anterior  pair  of  legs  shifted  on  to  the  neck.  The 
maxillipeds  are  modified  to  form  a  quadripartite  under-lip  with  long 
palps.  The  branchite  are  usually  confined  to  the  third  and  fourth 
thoracic  segments,  the  legs  of  which  are  often  rudimentary  or  are 
altogether  wanting.  The  feet  end  with  hooks  for  attachment.  The 
abdomen  is  small  and  reduced  to  a  shoit  protuberance  destitute  of 
appendages. 

Caj/rdla  linearis  L.  Body  elongated  and  thin.  They  aie  parasitic  on  Hydroids 
and  colonies  of  Bryozoa.  Cijamus  ceti  L.  Body  broad  and  fiat ;  abdomen  quite 
rudimentaiy ;  parasitic  on  the  skin  of  Cetacea. 

Tribe  2. — Crevettina. 

Amphipoda  with  small  head,  small  eyes,  and  multiai'ticiolate  jyediform 
maxillipeds. 

Both  pairs  of  antennse  are  long  and  multiarticulate ;  in  the  male 
they  are  larger  than  in  the  female.  The  upper  or  anterior  antennae 
are  usually,  as  in  Gammarus,  the  longer ;  their  shaft  is  composed  of 
several  joints  and  bears  a  small  accessory  flagellum  as  well  as  the 
principal  one.  The  contrary  may,  however,  occur,  as  in  Corox>hium, 
where  the  posterior  antennae  are  elongated  and  pediform.  The 
maxillipeds  in  all  cases  fuse  together  at  their  base  and  form  a  large 
under-lip,  usually  with  four  lamellae  and  two  jointed  pediform  palps. 
The  coxal  joints  of  the  thoracic  legs  have  the  form  of  broad  and 
large  epimeral  plates.  The  abdomen  has  always  the  full  number  of 
segments.  The  three  posterior  pairs  of  abdominal  feet  {uropoda) 
are  well  developed  and  often  much  elongated.  This  group,  which 
includes  an  astonishing  variety  of  forms,  is  principally  distributed  in 
the  colder  seas. 

Fam  Corophiidse.  The  body  is  not  laterally  compressed,  liie  posterior 
antcnniX!  are  more  or  less  i^ediforra.  The  coxal  joints  of  the  legs  are  frequently 
very  small.    They  move  rather  l  )y  walking.    CoropMuvi  long  home  Fabr..  dig 
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passages  in  mud.  Cerapm  tnbularis  Say.,  lives  in  tubes.  Pvdocerus  variegatus 
Leach.,  English  coast.  Chditra  terebrans  Phil,  is  allied  here,  gnaws,  with 
Limnorin  Ihfnnrnm,  wood-work  in  the  sea.     North  Sea  and  Mediterranean. 

Fam.  Orciiestiidse.  Anterior  antennae  usually  short,  always  without  accessory 
ramus.  The  posterior  pair  of  uropoda  are  unbranched  and  are  shorter  than 
the  preceding  pairs.  They  live  on  the  shore,  especially  on  sandy  beaches,  and 
move  by  springing.  Talitrus  xaltator  Mont.  =  T.  lomsta  Latr.  On  the  sandy 
coasts  of  15urope.    Orcliestia  littoren  Mont.,  North  Sea. 

Fam.  Gammaridse.  The  anterior  antenna  often  have  a  second  ramus,  which 
is  always  longer  than  the  shaft  of  the  posterior.  The  cosal  plates  of  the  four 
anterior  pairs  of  legs  are  very  broad.  They  move  more  by  sh  imming  than  by 
springing.  Gammarus jndex  L.,  G.  flm-iatilu  Eos.,  G.  marinnx  Leach.  In  the 
blind  yvpliargus  Schiodte  the  crystalline  cones  and  eye  pigment  are  wanting. 
N.  jntteanns  Koch.,  in  deep  springs  aiid  lakes  (Lake  of  Geneva).  Lysianassa 
Costce  Edw.,  Mediterranean.    L.  atlantica  Edw.    L.  magellanica  Lillj, 

Tribe  3. — Hyperina. 

Amjjhipoda  with  large  swollen  head  and  large  eyes,  usually  divided 
into  frontal  and  lateral  eyes.  They  have  a  pair  of  rudimentary 
maxiUip)eds  functioning  as  underli2J. 

The  antennfe  are  sometimes  short  and  rudimentary,  sometimes  of 
considerable  size,  and  in  the  male  are  elongated  into  a  multiarticnlate 
flagellum  {Hyperidoi),  The  posterior  antennte  may  in  the  female  be 
reduced  to  the  basal  joint  enclosing  the  glandular  tube  {Phromina^  ; 
in  the  male,  on  the  contrary,  they  are  folded  in  a  zigzag,  after  the 
manner  of  a  carpenter's  rule  {Platyscelince).  A  paired  auditory 
vesicle  may  be  present  above  the  brain  [Oxycephalus,  Rhabdosoma). 
The  maxillipeds  form  a  small  bi-  or  tri-lobed  under-lip.  The  paired 
legs  end  in  some  cases  in  a  powerful  chela.  The  caudal  styles  are 
sometimes  lamellar  and  fin-like,  sometimes  styliform.  Development 
takes  place  by  metamorphosis.  They  live  principally  in  jelly-fish, 
and  s\vim  very  rapidly. 

Fam.  Hyperidse.  Head  globular,  almost  entirely  occupied  by  the  eyes.  The 
two  pairs  of  antennae  have  a  multiarticnlate  shaft ;  the  flagellum  longer  in  the 
male.  The  mandible  has  a  three-jointed  palp.  The  fifth  pair  of  feet  is  gener- 
ally formed  like  the  sixth  and  seventh,  with  claw-like  terminal  joint.  Hyperia 
[Lestrujonus  Edw.)  viedusarnin  0.  Fr.  Miill.  (77".  galha  Mont.  =  77".  Latreilli 
Edw.)  with  Zentrif/om/s  exnlans  Kr.  as  male.  North  Seas. 

Fam.  Phronimidae.  Head  large,  with  projecting  rostrum  and  large  divided 
eye.  The  anterior  antcnnfe  arc  short  in  the  female,  with  only  two  or  three 
joints,  in  the  male  with  long  multiarticnlate  flagellum  and  a  shaft  closely 
beset  with  olfactoiy  hairs.  The  thoracic  limbs  have  in  some  cases  powerful 
chelae.  Phrosina  niceeensis  Edw.,  Phronima  sedentaria  Forsk.  The  female 
lives  with  its  offspring  in  Pyromma  and  Bipliyidee,  Mediterranean. 

Fam.  Platyscelidae.  Both  pairs  of  antennae  hidden  beneath  the  head  ;  the 
anterior  arc  small ;  in  the  male  with  much  swollen  bushy  shaft,  and  short, 
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slender  Hagelluiii  composed  of  few  joints.  The  posterior  antennae  are  in  tlie 
male  very  long  and  folded  three  to  four  times  together  in  a  zigzag  fashion  ;  in 
the  female  they  are  short  and  sti'aight,  sometimes  quite  reduced.  The  basal 
joints  of  the  fifth  and  sixth  paii's  of  legs  are  usually  enlarged  into  great 
lamellaa,  which  cover  the  thorax.  The  seventh  pair  is  generally  rudimentary. 
Euty2>his  (Ti/jj/iis  Kisso)  ovoulitx  llisso  (Plati/sctdus  xerratug  Hp.  Bate),  Mediter- 
ranean.   Oxj/ceji/mlux  jHscatar  Edw.,  Indian  Ocean. 


2.  Sub-order: — Isopoda."'' 


Ai'throstraca  with  usually  broad,  more 
or  less  arched  body,  with  seven  free  tho- 
racic rings,  with  lamellar  legs  function- 
ing as  branchice  on  the  short-ringed, 
often  redvAied  abdomen. 

The  structure  of  the  body,  which  is 
flat  in  shape  and  covered  by  a  hard, 
usually  encrusted  integviment,  presents 
a  great  agreement  with  that  of  the 
Amphipoda,  to  which  the  in  many 
respects  peculiar  Tanaidcn  are  most 
nearly  allied.  The  abdomen  of  the 
Isopods  is,  however,  usually  much  short- 
ened and  composed  of  six  short  seg- 
ments, which  are  often  fused  with  one 
another ;  it  terminates  with  a  large 
caudal  lamella.  The  abdominal  legs  are 
only  exceptionally  (Tanaidai)  swimming 
feet ;  as  a  rule  they  have  the  form  of 
branchial  lamellae.  The  sixth  pair  may 
be  fin-like  or  styliform.  The  anterior 
antennse  are,  with  a  few  exceptions, 
shorter  than  the  posterior  and  external 
antennte  ;  in  rare  cases  {Oniscido})  they 
become  so  much  reduced  that  they  are 
hidden  beneath  the  cephalic  carapace. 
In  exceptional  cases  only  [Ajyseudes) 

*  H  Rathke,  "  Untersuchungen  iiber  die  Bildung  und  Eutwickeluiig  der 
Wasserassel,"  Leipzig,  1832.  Lereboullet,  "Sur  les  Crustac6s  de  la  famille 
des  Cloportides,  etc,"  Mem.  dv.  3hisenm  (Vhixt.  nat.  de  Strmhovrg,  Tom.  n  ., 
1850  N.  Wagner.  "  Recherches  sur  le  systeme  circulatoire  et  les  oi'ganes  de  la 
respiration  chcz  le  Porcellion  elargi,"  Ann.  drs  .ic.  nat.,  Ser.  5,  Tom.  IV.,  ]8fio. 
A  Dohrn,  "  Die  Emliryonalentwickclung  des  Asellus  aquaticus,  Zcitxchr  jnr 
w/W  Zool.,  Tom.  XVIL,  1867.  N.  Bobretzky, '^Zur  Embryologie  des  Oniscus 
murarius,"  /^cittchr.  fiir  ivisx.  Zool.,  Tom.  XXIV.,  1874. 


Pig.  858. — Asellus  aqnaticiis  (after 
Gr.  O.  Sars).  Female  with  brood 
pouch,  seen  fi'om  the  ventral  side. 
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they  bear  two  flagella.  As  in  the  Amphipoda,  pale,  plumous  setse 
and  olfactory  cones  are  present  on  the  antennse.  Thg  mouth  parts 
are  in  some  parasitic  Isopoda  modified  for  piercing  and  sucking.  The 
mandibles  (except  in  Bopyridce,  and  Oniscidce)  often  bear  a  three- 
jointed  palp.  On  the  other  hand,  the  two  paii-s  of  maxillae,  Avhich 
are  usually  bi-  or  tri-lobed,  are  in  general  without  the  palpiform 
appendage.  The  maxillipeds  form  a  sort  of  underlip,  but  present 
great  differences  in  the  arrangement  of  their  parts  (fig.  358). 

As  a  rule  the  seven  pairs  of  thoracic  legs  are  adapted  for  walking 
or  attachment,  and  in  the  female  some  of  them  are  provided  -with 
delicate  membranous  plates 
(oostegites)  which  form  a  brood 
pouch.  They  never  bear  gills. 
The  branchial  function  is  dis- 
charged by  the  delicate  inter- 
nal rami  or  endopodites  of 
the  abdominal  limbs  (pleo- 
pods),  the  anterior  pan-  of 
which  is  frequently  modified 
to  form  a  lai-ge  operculum 
overlying  the  following  pairs. 
In  certain  of  the  terrestrial 
Isopods  [Forcellio  and  Arma- 
dillo) the  opercular  plates 
of  the  two  anterior  paii's  of 
abdominal  limbs  contain  a 
system  of  air  spaces  which  ap- 
pear to  assist  respiration.  The 
heart,  unlike  that  in  Amphi- 
pods,  lies  (except  in  Taoididce) 
in  the  posterior  thoracic  seg- 
ments or  in  the  abdomen. 

The  sexes  are  (except  in  Cymothoidce)  separate,  and  the  position 
and  arrangement  of  the  generative  organs  correspond  in  general 
with  those  of  the  Art^Mjmla.  The  sexes  are  distinguished  by 
external  sexual  characters,  which  in  some  cases  {Bopyridoi)  may  lead 
to  a  strongly-marked  dimorphism  (fig.  359,  a,  I).  In  the  male 
three  tubular  testes  unite  on  either  side  to  form  a  dilated  seminal 
vesicle,  from  which  the  vasa  deferentia  are  given  off.  The  latter  are 
frequently  separate  along  their  whole  length  and,  at  the  end  of  the 
last  thoracic  segment,  each  of  them  enters  a  cylindrical  appendage 


Fig.  359.— hrancliialU  (after  Comalia  and 
Pauceri).  a.  Female  seen  from  the  ventral 
side;    Brl,     oostegite ;  branchlse.  h. 

Abdomen  of  the  same  strongly  magnified, 
with  atlhering  male. 
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{Asellus)  or  they  unite  together  into  a  common  median  penis  wliicli 
lies  at  tlie  base  of  the  abdomen  {Oniscidai).  A  pair  of  styliform  or 
complicated,  hook-bearing  appendages  of  the  anterior  abdominal  feet 
are  to  be  looked  upon  as  accessory  copulatory  organs ;  in  addition 
to  these  a  pair  of  outwardly  turned  chitinous  rods  on  the  inner  side 
of  the  second  pair  of  feet  may  also  be  present  {Oniscidui).  The 
Cymothoiclce  are  hermaphrodite*  (Bullar),  but  the  sexual  organs 
become  ripe  at  different  times.  In  the  young  stage  these  animals 
function  as  males,  and  possess  three  pairs  of  testes,  two  rudimentary 
ovaries  internal  to  the  testes,  and  a  paired  copulatory  organ  into 

which  the  two  vasa  deferentia 
open  (fig.  360).  After  a  subse- 
quent ecdysis  and  after  the  fe- 
male glands  have  developed  at 
the  expense  of  the  gradually 
diminishing  male  glands,  the 
oostegites,  which  in  the  meantime 
have  been  developed,  become  free 
on  the  thoi-acic  legs  and  the  copu- 
latory organs  are  thro-mi  off. 
Hencefoiward  the  animal  func- 
tions only  as  a  female. 

The  embryonic  development 
begins  after  the  entry  of  the  eggs 
into  the  brood  pouch  and  is  in- 
ti'oduced  by  a  centro-lecithal  seg- 
mentation, the  central  part  of 
the  egg  (food  yolk)  remaining  at 
first  unsegmented.  The  blasto- 
derm soon  consists  of  a  periphe- 
ral layer  of  naked  nucleated  cells 
and  produces  by  a  rapid  growth 
of  its  constituent  cells  the  ventrally  placed  germinal  bands,  at  the 
anterior  end  of  which  the  cephalic  lobes  are  first  marked  off.  The 
rudiments  of  the  trifoliate  appendages  (dorsal  organ)  of  the  Isopod 
embryos  are  next  formed  as  two  prominences  on  the  cephalic  lobes. 
The  physiological  and  morphological  meaning  of  these  structures  has 
not  yet  been  explained.    Of  the  appendages  the  two  pairs  of  antennaj 

*  J  Bullar,  "  The  generative  organs  of  the  Parasitic  IsopoHa,"  Jovrn.  AnuL 
Fh  iisioL.  1876.    P.  Mayer,  "  Ucber  den  Hcrmaphroditismus  einiger  Isopotlcn, 
Miitheii  atts  der  Zool.  Stat.  NeapcL  1879. 


Fig.  3G(\ — Female  of  Cymothoa  Baiik^i  (after 
M.  Edwards).  Brl,  oostegite.  6,  Sexual 
organs  from  a  Ct/muthoa  resti-ides,  13  mm.  in 
length  (after  P.  Mayer).  T,  The  three 
testes ;  Oo,  ovary ;  Od,  oviduct ;  Vd,  vas 
deferens ;  P,  penis. 
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are  the  first  formed.  After  these  have  made  their  appearance,  a  new 
cuticle,  the  larval  skin  corresponding  to  the  Nanplius  stage,  is  formed 
(as  also  is  the  case  in  Ligia  according  to  Fr.  Miiller).  While  the 
other  appendages  are  successively  developed,  the  caudal  region  of  the 
embryo  becomes  bent  towards  the  dorsal  surface.  Of  the  embryonic 
membranes  the  chorion  is  the  first  to  disappear,  then  the  cuticle  of 
the  blastoderm,  and  finally,  when  the  embryo  is  fully  developed,  the 
Nauplius  skin. 

The  young  animals,  when  they  become  free  in  the  brood-chamber 
(fig.  361),  are  still  without  the  last  pair  of  thoracic  legs;  in  the 
Tandidce  the  abdominal  feet  are  also  wanting.  They  undei-go  not 
inconsidei-able  changes  in  the  form  of  the  appendages  until  the 
attainment  of  sexual  maturity. 
The  Isopoda  may  therefore  be 
said  to  undergo  a  metamorphosis 
which  is  most  complete  in  Ta^ 
nais,  Praniza  [Anceus)  and  the 
£o2}i/rid(e. 

The  Isopoda  live  some  in  the 
sea,  some  in  fresh  waters,  and 
some  on  land  {Oniscidce).  They 
nourish  themselves  .  on  animal 
matters  ;  many  of  them  are  paiu- 
sitic  (seldom  complete  endopara- 
sites,  EntonisGus)  piincipally  on 
the  skin  and  in  the  buccal  and 
branchial'  cavities  of  fishes  {Cy- 
mothoidce)  or  in  the  branchial 
cavity  of  prawns  {Bopy7-idce). 

Tribe  1. — Anisopoda.* 

Body  more  or  less  resembling  that  of  a7i  Am2)hi2}od.  The  abdomen 
vnth  biramous  sivimming  feet  (Tanais),  lohich  do  notficnction  as  gills, 
or  with  fin-like  feet  (Anceus). 

Fam.  Tanaidae.  Tamifi  (Uhhix  Kv.,  Brazil.  Two  kinds  of  males,  "smellers 
and  claspers."    T.  fp-aciUit  Kr.,  Spitzbergen. 

Fam.  Pranizidse,  Anceidre.  Ancenx  m axillaris  Mont.  (P?-.  cceruleata 
Desm.),  North  and  West  coasts  of  Europe. 

*  Compare  Spence  Bate,  "On  Praniza  and  Anceiis,  etc,"  A7in.  of  Xat.  Hixt , 
8er.  3  Vol.  IT  1858.  Hes.se,  "  Memoire  sur  les  Pranizes  et  les  Ancees  " 
A7m.  (1.  li(n<-n  2^at.,  Ser.  IV.,  Tom  IX.,  1864.  Fr.  Miiller,  "  Ueber  den  Bau  der 
Scheerenasseln,  ArcMv.  fiiv  Katimicu-li,  Tom  XXX.,  1864.  A.  Dohrn, 
ILiitwickclung  und  Organisation  von  Praniza  maxillaris  sowie  zur  Kenntniss 
des  Baues  von  Paranthura  costana  "  Zcitwhr.  fur         Zool,  Tom  XX    187  0 


Fig.  361. — Larva  of  Bopyrtis  virbii,  with  six 
pairs  of  thoracic  leR-s  (after  R.  Walz)- 
Ul,  Under  lip ;  Ahs,  first  abdominal  seg- 
ment ;  A',  A",  two  pairs  of  antennae ;  Mdb. 
mandible. 
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Tribe  2, — Euispoda. 

Body  with  seven  free  thoracic  segments  cmd  as  many  pairs  of 
aj^eiidages.  Abdomen  relatively  short  ami  broad,  with  abdominal 
feet  modified  to  form  branchial  lamellce. 

¥iim.  Cymothoidse,  Witli  l)itins  and  sucking  mouth  parts,  broad  abdomen 
with  short  segments  and  shield-hke  caudal  plate.  The  last  maxillipeds  in  the 
form  of  an  operculum.  They  live  partly  as  parasites  on  fish,  and  partly  as 
free-living  animals.  C'pnotkoa  cestrnvt  Leach.,  C.  wxtroideK  Risso,  Mediter- 
ranean.  Anilocra  mcdltcrrama  Leach.,  ^ga  hicarinata  Leach.,  Serolit 
parado.ra  Fabr. 

Fam.  Sphaeromidae.  Free-living  Impoda  with  broad  head  and  short,  very 
convex  body,  which  can  often  be  rolled  up  in  a  ball  towards  the  ventral  side. 
Sphceroma  fosmmm  Mont.,  in  the  Pontine  marshes  ;  nearly  allied  is  the  S. 
granulatiini  of  the  Mediterranean.  S.serratum  Fabr.,  Ocean  and  Mediterranean. 
It  also  lives  in  brackish  water. 

Fam.  Idoteidae.  Free-living  Isojjoda  with  elongated  body,  biting  mouth 
parts,  and  a  long  caudal  shield  formed  of  several  segments  fused  together.  The 
last  pair  of  abdominal  feet  is  modified  to  form  a  wing-shaped  operculum  for 
the  protection  of  the  preceding  branchial  feet.    Idotea  entomon  L.,  Baltic. 

Fam.  Asellidse.  Body  flattened  ;  the  last  pair  of  abdominal  feet  (pleopods) 
are  styliform  (not  shaped  like  an  operculum).  Jcera  alhifrom  Mont..  British 
seas.  Aselht!<  arpmticnfi  L.,  fresh  water  form.  A.  cavatieiis  Schiodte,  in  deep 
springs.  Limnoria  tereiratu  Leach.  L.  Iiff/i07"uiii,  gnaws  wood-work  in  the 
sea. 

Fam.  Bopyridae.  Parasitic  in  the  bi-anchial  chamber  of  prawns  ;  the  body  of 
the  female  is  disc-shaped,  unsymmetrical,  and  without  eyes.  The  males  are 
very  small  and  elongated,  with  distinctly  separated  segments  and  eyes.  Boj^jrus 
squillarum  Batr.,  on  Paloemon  squilla. 

Here  are  allied  the  Entoniscidoe,  which  are  parasitic  in  the  body  cavitj^  of 
other  Crustacea  (^Cirj'ijwdia,  Pagiirkles,  and  Crabs),  Cri/jjioniscux  jtlanarioides 
Fr.  Miill.,  parasitic  on  Saonulina pur^mvea  of  a  Pagurus,  Brazil.  Cr.  jv/r/iiKsun 
Rathke,  parasitic  on  Peltogastcr.  Entoniscun  Porccllance  Fr.  Miill.,  lives 
between  the  heart  and  the  intestine  of  a  species  of  Porccllana  in  Brazil. 

Fam.  Oniscidae.  Land  Isopods.  Only  the  internal  lamella  (endopodites) 
of  the  iibdominal  feet  are  modified  to  form  delicate  branchise,  the  exopodites 
constituting  firm  opercula.  The  two  anterior  abdominal  feet  are  sometimes 
provided  with  air  chambers.  The  mandibles  are  without  palps.  They  live 
mostly  in  damp  places  on  land.  Ligiii  occanica  L.,on  stones  and  rocks  on 
the  sea  coast.  Onisms  murariu-t  Guv.,  PorceUio  scahcr  Leach.,  Armadillo 
vulgaris  Latr.,  A.  officinarvm  Brdt. 

Order  2. — Thoracostraca.* 

Malacostraca  with  compound  eyes  tohich  are  usually  2)l(i'Ced  on 

movable  stalks,  with  a  dorsal  shield  which  connects  all  or  at  least 

the  anterior  thoracic  segments  with  the  head. 

*  Besides  the  larger  works  of  Herbst,  M.  Edwards,  Dana,  and  the  essays  of 
Duvernoy,  Audouin  and   M.  Edwards,   Joly,  Couch,  etc.   compare  Leach, 
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The  Thoracostraca,  like  the  Ai-throsti-aca,  possess  a  cephalo-thorax 
composed  of  thirteen  segments  and  an  abdomen  composed  of  six 
segments,  as  well  as  a  caudal  plate  (telson) ;  but  the  body  is  stouter 
and  adapted  to  a  more  perfect  locomotion  and  a  higher  grade  of 
life.  The  thorax,  instead  of  being  composed  of  seven  distinctly 
separate  segments,  is  covered  by  a  dorsal  carapace  which  eifects  a 
fii-m  and  intimate  fusion  between  the  head  and  thorax.  The  degrees 
of  development  of  this  dorsal  carapace  are  various.  When  most 
highly  developed,  it  forms  the  dorsal  integument  of  the  anterior  or 
of  almost  all  the  thoracic  segments ;  and  its  lateral  portions  only, 
which  have  the  form  of  wings  and  are  bent  towards  the  ventral 
surface,  consist  of  a  free  reduplicature. 

The  application  of  the  appendag^es  differs  from  that  in  the 
Arthrostraca,  and,  indeed,  varies  in  the  different  groups  of  the 
Thoracostraca.  The  cephalothorax  has  thirteen  pairs,  and  the 
abdomen  seven.  The  facetted  eyes  are  born  on  two  movably  separated 
stalks.  These  were  for  a  long  time  considered  as  the  anterior  pair 
of  appendages,  while  in  fact  they  are  merely  lateral  portions  of  the 
head  which  have  become  jointed.  Both  pairs  of  antennje  belong  to 
the  anterior  region  of  the  head.  TJie  anterior  antennfe  or  antennules 
as  a  rule  bear  on  a  common  shaft  two  or  three  Jlagella—B,s  the 
peripheral  multiarticulate  filaments  are  called— and  are  pre-eminently 
sense  organs.  In  the  Deccqjoda  the  auditory  vesicles  are  placed  in 
the  basal  joint,  and  on  one  of  the  flagella  there  are  delicate  hairs  and 
fibres,  which  are  in  connection  with  nerves  and  are  to  be  looked  on 
as  olfactory  organs.  The  second  antennaj  are  attached  externally  to 
and  somewhat  beneath  the  antennules.  They  bear  a  long  flagellum 
and  in  the  macrurous  Decapoda  are  often  provided  with  a  more  or 
less  considerable  scale.  A  gland  (the  green  or  antennal  gland) 
usually  opens  on  a  conical  process  of  their  basal  joint. 

The  following  three  pairs  of  appendages  function  as  jaws;  the 
powerful  mandibles,  which  are  furnished  with  palps,  lie  at  the'  side 
of  the  upper  lip;  further  backwards  are  the  two  paii-s  of  lobed 
maxillse,  in  front  of  which  and  behind  the  mouth  is  the  small  bilobed 
underlip.    The  following  eight  pairs  of  appendages  present  a  very 


Decapoden,"  Leipzig,  1863.  '  ^ehororgaii  der 
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different  form  and  Adaptation  in  tlie  various  groups.  As  a  rule,  the 
anterior  pairs  are  modified  to  assist  in  tfiking  up  food  and  are  moved 
nearer  the  mouth ;  these  are  the  maxillipeds,  which,  with  regard  to 
their  structure,  hold  an  intermediate  position  between  jaws  and  feet. 
In  the  JJecapoda  (fig.  362)  three  pairs  of  appendages  have  the  form 


Fig  362  -Male  aurl  female  of  Adaeus  fltmatilh  seen  from  the  ventral  side.  In  the  male  the 
ambulatory  and  abdominal  feet  of  the  left  side  have  been  removed ;  ni  the  female  the  am- 
bulatory  feet  of  the  rit?ht  side  and  the  maxillipeds  of  both  sides.  A  antennales;  A 
antenn^  ;  P/,  scale  of  antenna  ;  Md,  mandible  ^^■ith  palp  ;  MA  M.'\  first  and  second  maxi  lse 
Mxr  to  2Ixf  \  the  three  pairs  of  maxUlipeds  ;  Goc,  geuital  openm-  ;  Doe,  openmg  of  the 
green  gland ;  F',  r',  first  and  second  abdominal  foot ;  On,  eggs  ;  A,  anus. 

of  maxillipeds,  so  that  there  are  only  five  pairs  of  legs  left  on  the 
thorax.  In  the  Stomatopoda  the  first  five  pairs  of  thoracic  append- 
ages are  modified  to  form  maxillipeds  and  there  are  only  three  pairs 
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of  bil-amous  swimming  feet,  which  arise  from  the  three  posterior  free 
segments  of  the  thorax.  The  thoracic  legs  are  either,  at  least  in  part, 
biramous  (A\dth  swimming  ramus),  or  as  in  the  Decapods  the  exopodite 
is  absent  and  the  legs  have  the  form  of  ambulatory  appendages.  They 
then  terminate  with  simple  claws ;  the  anterioi-  frequently  with  large  - 
chelfe.  The  terminal  joints  may  however  be  broad  plates,  in  which 
case  they  can  be  used  as  SAvimming  feet.  The  biramous  legs  of  the 
sixth  abdominal  segment  are,  as  a  rule,  broad  and  fin-like  and  form, 
together  with  the  last  abdominal  segment  which  is  transformed  into 
a  large  plate  (telson),  the  caudal  fin.  The  feet  of  the  five  anterior 
abdominal  segments,  on  the  other  hand,  are  sometimes  swnim-m'ng 
feet  {Stomato2)oda),  sometimes  serve  to  carry  the  eggs,  or  the  anterioi- 
may  assist  in  copulation  (in  the  male).  They  may  however  be  more 
or  less  rudimentary  and  some  of  them  absent. 

With  rare  excep- 
tions [Myaidce)  all 
the  Thoracostraca 
possess  gills,  which 
are  either  tufted  or 
composed  of  regular 
lancet-shaped  leaves. 
The  gills  are  appen- 
dages of  the  limbs: 
in  the  8tomatoiyoda 
they  are  attached  to 
the  abdominal  feet,  in 
the  ScJiizopoda  and 
Decajmda  to  the  maxillipeds  and  ambulatory  feet.  The  Cuviacea 
are  without  gills,  except  for  a  single  pair  on  the  second  pair  of  maxil- 
lipeds. In  the  Decapods  they  are  contained  in  a  special  branchial 
chamber  beneath  lateral  expansions  of  the  carapace  (branchiosteoite^ 
(fig.  363).  / 

The  organs  of  circulation  also  attain  a  high  degree  of  development, 
the  highest  not  only  among  the  Crustacea,  but  in  general  amongst 
all  Arthropods.  A  heart  and  vessels  are  always  present.  In  the 
Stomatopoda  the  heart  has  the  form  of  an  elongated  tube,  which 
extends  through  the  thorax  and  abdomen,  possesses  numerous  paired 
sUts,  and  m  addition  to  an  anterior  and  a  posterior  aorta  gives  off 
to  the  right  and  left  several  branching  arterial  trunks.  In  the 
Gumacea,  Schizopoda  and  Becapoda  the  heart  has  a  saccular  form 
and  lies  in  the  posterior  region  of  the  cephalo-thorax.    More  rarelv 


Fig.  363.— C'ephalothornx  f)f  AdocKsfliivhifilU,  after  removal 
of  the  branchiostegite  (after.Huxley).  K,  Gills ;  H,  ros 
trum  ;  O,  stalked  eye ;  Mp,  scaphognathite  (of  the  second 
maxilla) ;  Mxf",  third  maxilliped. 
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as  in  the  youngest  larvte  of  the  Deca2Joda,  only  one  pair  of  slits  is 
present  and  the  arterial  system  has  but  few  branches.  In  the  fully- 
developed  Decapoda  the  number  of  paired  slits  is  increased  by  the 
addition  of  a  doi-sal  and  a  ventral  pair,  and  the  vascular  system  is 
considerably  perfected.  An  anterior  cephalic  aorta  supplies  the 
bi-ain,  the  antennae  and  eyes.  Two  lateral  pairs  of  arteries  send 
branches  to  the  stomach,  liver  and  generative  organs.  The  posterior 
abdominal  aorta  usually  divides  into  a  dorsal  and  a  ventral  artery,  of 
which  the  first  supplies  the  muscles  of  the  tail,  the  latter  (known  as 
sternal  artery)  sends  branches  to  the  appendages  of  the  thorax  and 
abdomen  (fig.  364).  From  the  ramifications  (often  capillary-like)  the 
blood  flows  into  larger  or  smaller  canals  with  connective  tissue  walls 
which  may  be  regarded  as  veins,  and  from  thence  into  a  wide 
blood  space  situated  at  the  base  of  the  gills.    It  thence  passes  through 

B      Aa      U     \       T    r  I  0 
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¥^a.  364.— Longituclinal  section  through  Astacus  fluviatUis  (after  Huxley).  C,  Heart;  Ac, 
cephalic  aorta;  Aa,  abdominal  aorta,  the  sternal  artery  (Sta)  is  given  off  close  to  its 
origin;  Km,  masticatory  stomach;  X>,  intestine;  L,  liver;  T,  testis;  Yd,  vas  deferens; 
Go,  genital  opening ;  G,  brain ;  N,  gangUonic  cord  ;  Sf,  lateral  plate  of  the  caudal  fin. 

the  gills  and,  having  become  arterial,  passes  into  other  vascular 
tracts  (branchial  veins  containing  arterial  blood),  which  conduct  it 
to  a  receptacle  surrounding  the  heart,  the  pericardial  sinus  :  from  the 
latter  the  blood  enters' the  heart  through  the  slits  which  ai-e  pro\dded 
with  valves. 

The  alimentary  canal  consists  of  a  short  ciesophagus,  a  wide  saccular 
crop  and  an  elongated  intestine  which  opens  by  the  anus  beneath 
the  median  plate  (telson)  of  the  caudal  fin.  The  wide  crop  or 
masticatory  stomach  is  supported  by  a  firm  chitinous  framework,  to 
which  are  afiixed  several  pairs  of  masticatory  plates  (derived  from 
thickenings  of  the  chitinous  lining).  In  the  Decapoda  two  round 
concretions  of  carbonate  of  lime  (Cray-fish)  may  be  deposited  in  the 
walls  of  the  masticatory  stomach  beneath  the  chitinous  lining ;  these 
are  the  so-called  "  ejjes"  and  are  found  in  the  spring  and  summer. 
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The  ducts  of  the  very  numerous,  multilobed  hepatic  cjeca  open  into 
the  anterior  part  of  the  elongated  intestine. 

A  simple  or  looped  glandular  tube  (the  green  gland)  opens  on  the 
basal  joint  of  the  posterior  antenna.    A  shell  gland  is  not  developed. 

The  nervous  system  is  distinguished  by  the  size  of  the  brain, 
which  is  placed  far  forwai'ds  find  gives  off  nerves  to  the  eyes  and 
antennee.  The  ventral  cord,  which  is  connected  with  the  supra- 
cesophageal  ganglion  (brain)  by  very  long  commissures,  presents  very 
different  degrees  of  concentration.  In  the  brachyurous  Decapods 
this  concentration  reaches  its  highest  point,  all  the  gangKa  being 
fused  together  to  form  one  great  thoracic  ganglionic  mass.  The 
system  of  visceral  nerves  is  also  very  highly  developed. 

Sense  organs.— The  eyes  are  large  and  facetted.    Except  in  the 


Fig  365. -Generative  organs  of  .Maces,  a,  Female  ;  h,  male.  Oc.  ovaries  ;  Od,  oviduct; 
J'  a,  vulva  on  the  basal  joint  of  the  third  pan-  of  ambulatory  legs  {F'")  ■  T  testis  •  Vd 
Tegs'JJo^''^'       "^^''^^^  openings  on  the  basal  joint  of  the  fifth  pair'of  amloulatory 

Cumacea,  in  which  the  eyes  are  sessHe,  they  are  borne  on  movable 
stalks,  which  morphologically  are  to  be  regarded  as  the  lateral  parts 
of  the  anterior  region  of  the  head  which  have  been  segmented  off. 
In  the  larva  a  median  simple  eye,  equivalent  to  the  unpaired  Ento- 
mostracan  eye,  may  appear  between  the  stalked  facetted  eyes.  In 
exceptional  cases  the  adult  animal  may  have  paii-ed  eyes  at  the  sides 
of  the  thoracic  appendages,  and  unpaired  eyes  between  the  abdominal 
feet  {Buphausia).  Auditory  organs  are  wanting  in  the  Cumacea 
and  StomMopoda.  In  the  Decapoda  they  are  present  as  vesicles 
contanimg  otoliths  in  the  basal  joint  of  the  anterior  antenna,  and  in 
mfxny  Schizopoda  in  the  lame]]a>,  of  the  ca,udal  fin.    The  delicate 
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tiliuueiiis  and  hairs  on  the  surface  of  the  anterior  antennae  have  the 
vahie  of  olfactory  organs;  the  antennae  function  as  tactile  organs, 
as  do  also  the  palps  of  the  jaws,  the  maxillipeds  and  the  legs. 

The  generative  organs  are  paired  and  lie  in  the  thorax  or  in  the 
abdomen  [>StotiuUoj)oda),  and,  as  a  rule,  are  connected  across  the 
middle  line  by  a  median  portion.  The  female  organs  consist  of  two 
ovaries  and  two  oviducts,  which  open  on  the  basal  joint  of  the  antepen- 
ultimate pair  of  ambulatory  legs  or  on  the  sternal  region  between 
these  appendages  (fig,  365,  a).  The  testes  (fig,  365,  b)  are  composed 
of  numeroxis  sacs  and  blind  tubes,  and,  like  the  ovaries,  are  connected 
by  a  median  portion ;  there  are  two  vasa  deferentia,  often  much 
coiled,  which  open  on  the  basal  joint  of  the  last  pair  of  ambulatoiy 
legs,  more  rarely  on  the  sternum,  and  occasionally  on  a  special 

copulatory  organ  {Schi- 
zojwda).  The  fii-st,  or 
the  first  and  second, 
pair  of  abdominal  feet 
act  as  intromittent  or- 
gans. The  eggs  either 
pass  into  a  brood-pouch 
formed  by  lamellar  ap- 
pendages of  the  thoracic 
legs  (Cuonacea,  Schizo- 
2)oda),  or  become  at- 
tached by  means  of  the 
cementing  secretion  of 
special  glands  to  the 
Iv.iixy  abdominal  feet  of 
the  female,  where  they  remain  until  they  are  hatched  {Becajwda). 

Development. -Most  of  the  Thoracostraca  undergo  a  metamor- 
phosis which  may  be  more  or  less  complicated.  The  Cwmicea,  some 
Schizopoda  {Mysidea)  and  the  fresh-water  Decapoda  (Astacus)  leave 
the  egg  membranes  with  the  full  number  of  segments  and  appen- 
dages. All  the  Stomatopoda,  on  the  contrary,  as  well  as  most  of  the 
Decapoda,  are  hatched  as  larvae ;  the  latter  in  the  so-called  Zomi 
form  with  only  seven  pairs  of  appendages  in  the  anterior  region  of 
the  body  (there  are  two  pairs  of  antennae,  mancUbles,  two  paii*s  of 
maxillfe,"  and  two  pairs  of  maxillipeds),  mthout  the  last  six  thoracic 
segments  and  with  a  long  abdomen  destitute  of  appendages  (fig,  366). 
The  two  pairs  of  antennfe  of  the  Zocea  are  short  and  destitute  of 
flagella.   The  mandibles  are  without  a  palp ;  the  maxillje  are  already 


Fig.  366.— Crab  zosea  {Thin),  after  the  first  moult.  ZS, 
Zosea  spine  on  the  back ;  Kf,  Kf,  the  two  pairs  of 
biramous  appendages  corresponding  to  the  fli-st  and 
second  pau-s  of  maxUlipeds. 
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lobed  and  used  as  jaws  :  the  four  anterior-  maxillipeds  are  biramous 
and  act  as  biramous  swimming  feet ;  and  behind  them,  in  the  macru- 
rous  Decapods,  the  maxilliped  of  the  third  pair  also  appears  as  a 
biramous  swimming  foot.    Gills  are  as  yet  wanting,  being  repre- 


terior  maxUte;  Gl,  sixth  ard  serntWatVn/^ 

maxilUpeda.   c.Zoaa  stage;  O.eyes  appendages  or  first  and  second 

•sented  by  the  thin  surfaces  of  the  sides  of  fl..       u  , 

1     ip-    ^  snort  heart  with  one  or  two  pairs 
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of  slits  is  present.  The  facetted  eyes  are  of  considerable  size,  but 
are  not  stalked.  Between  the  facetted  eyes  there  is  in  afldition  an 
unpaired  simple  eye,  the  Entomostracan  eye.  The  Zoma  larvae  of  the 
short-tailed  Decapoda  (Crabs)  are,  as  a  rule,  armed  with  spinous 
processes.  They  visually  have  one  frontal  spine,  a  long,  curved  dorsal 
spine,  and  two  lateral  spinous  processes  of  the  cephalo-thoracic  shield. 
The  Zosea,  however,  is  not  by  any  means  always  the  earliest  larval 
stage.  Passing  over  those  cases  in  which  the  larva  has  the  Zo8e.'i 
form  but  is  without  the  middle  maxillipeds,  there  are  Podo'pUthal- 
mata  (Penceus),  which  leave  the  egg  as  Nauplii  (fi§.  367).  Thus 


¥m.  3m.- Zoma  of  Ina^hus  in  advanced  stage  with  rudiments  of  the  thu-d  masilUped  (Xf  ) 
and  the  five  pairs  of  ambulatory  feet  {oBp) ;  C,  heart;  Z,  liver,  b,  Megalopa  stage  of 
Portimus;  Ab,  abdomen.  F'  to  F-  first  to  fifth  ambulatory  legs. 

the  developmental  history  proves  that  the  series  of  forms  of  Ento- 
mostraca  and  Malacostraca  are  continuous. 

During  the  growth  of  the  Zotea,  the  subsequent  metamorphosis  of 
which  is  quite  gradual  and  always  different,  the  six  (five)  pairs  of 
thoracic  legs,  which  are  as  yet  absent,  sprout  out  beneath  the 
cephalo-thoracic  shield.  The  abdominal  feet  also  make  then-  appear- 
ance on  the  abdomen,  and  the  larvae  finally  enter  the  Schizopod-like 
stage,  from  which  the  adult  form  proceeds.  The  Crab  Zoa^a,  how- 
ever, after  a  later  ecdysis,  enters  upon  a  new  larval  stage,  that  of  the 
Megcdopa  (fig.  368,  b) ;  in  this  stage  it  already  presents  the  cha- 
racters of  the  Brachyura,  but  still  possesses  a  large  abdomen,  which 
is  indeed  ventrally  flexed,  but  provided  mth  a  caudal  fin. 
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The  Thoracostraca  are  for  the  most  part  marine,  and  feed  on  dead 
animal  matter  or  capture  living  prey.  Most  of  them  are  good 
swimmers ;  others,  e.g.  numerous  species  of  crabs,  walk  and  run  and 
sometimes  move  sideways  or  backwards  with  great  agility.  The 
chelfe  of  the  first  pair  of  ambulatory  legs  (fourth  thoracic  appendages) 
constitute  powerful  weapons  of  defence.  Besides  the  frequent  ecdyses 
of  the  larval  stages,  the  sexually  adult  animals  cast  their  shell  once 
or  several  times  in  the  year  {Decapoda).  They  then  live  with  the 
new  and  still  soft  skin  for  some  time  in  protected  hiding-places. 
Some  Brachyura  are  able  to  live  for  a  long  tithe  in  holes  in  the  earth 
away  from  the  sea.  These  land  crabs  undertake,  usually  at  the 
breeding  season,  common  migrations  to  the  sea  and  return  later  to 
the  land  with  theii-  fully  developed  offspring  {Gecarcinibs  ruricola). 
The  most  ancient  fossil  PodojMhalmia  hitherto  known  are  the  mac- 
rurous  Decapoda  and  Schizojioda,  from  the  carboniferous  formations 
{Pcd(Bocrango7i,  Paloeocarabus,  Pygocephalus). 

(1)  Sub-order:  Cumacea.* 

Thoracostraca  with  a  small  cephalo-thoracic  shield,  {four  to)  five 
free  thoracic  segments,  two  pairs  of  maxillipeds,  and  six  pairs  of  legs, 
of  which  at  least  the  two  anterior  2iairs  have  the  hiramous  Schizopod 
form.  The  abdomen  is  elongated  and  com2yosed  of  six  segments,  and 
hears,  in  the  male,  tioo,  three  or  fve  pairs  of  sioimmingfeet  in  addition 
to  the  camlal  appendages. 

The  Cumacea,  the  systematic  position  of  which  was  formerly  very 
cUfFerently  estunated,  have  a  superficial  i-esemblance  to  Decapod  larvfe, 
which  they  also  recall  m  the  simplicity  of  theu^  organization ;  while 
in  many  of  then-  characters,  such  as  the  formation  of  the  brood-pouch 
and.their  embyronic  development,  they  approach  the  Arth-ostraca.  A 
cephalo-thoracic  shield  is  always  present  and  includes,  besides  the 
segments  of  the  head,  the  anterior  thoracic  segments  and  theii^ 
appendages ;  the  four  or  five  posterior  thoracic  segments,  however, 
remain  free.  ' 

•  The  anterior  antennae  are  small  and  consist  of  a  three-jointed  basal 
portion,  to  the  end  of  which,  especially  in  the  male,  tufts  of  olfactory 
hau-s  are  attached,  and  of  a  short  flagellum  and  secondary  flagellum. 

iR^i^'  S'T"  '"^^1;^       ^'-tev  af  sV^gten  Cuma,"  Xaturh.  Tkhshr.,  Tom  III 
lit   I'Sv.    p'^o'  ;       Cumac6ernes  FamUie,"  Xaturh.  Tlrlsshr.  N.  Z  Tom 
HI    184(  .    G.  0.  Sars,    Besknvelse  af  de  paa  Fregatten  Josephines  EvnT 
fundne  Cumaceer,"    Stockhohxi,  1871.    A   Dohvn    °l]Xlv  Tr^^  illT  -"^^l":?- 
Entwickelung  der  Cvunaceen Jen.  naiu,ts^tusoki^TZ  ^^S7o'  ' 
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In  the  female  the  posterior  antennae  are  short  and  rudimentaxy, 
while  in  the  adnlt  male  they,  together  with  their  multiarticulate 
fiagellnni,  may  be  as  long  as  the  body  (tis  in  Nehalia).  The  upper-lip 
is  usually  small,  while  the  deeply  cleft  under-lip  is  of  considei-jible 
size.  The  mandibles  are  without  pulps,  and  possess  a  comb  of  bristles 
and  a  powerful  masticatory  process  below  their  strongly  toothed 
extremity.  The  anterior  maxillie  consist  of  two  toothed  blades  and 
a  cylindrical,  flagellate  appendage  directed  backwards.  The  unpalped 
maxilla  of  the  second  pair  is  composed  of  several  pairs  of  masticatory 
plates  lying  one  above  another.  The  two  following  paii-s  of 
appendages  may  be  distinguished  as  maxillipeds.  The  anterior, 
which  corresponds  to  the  palped  under-lip  of  the  Isox>oda,  is  five- 
jointed  and  may  be  recognised  by  the  process  of  the  basal  joint ;  the 
posterior,  which  is  also  usually  five-jointed,  is  of  considerable  length 
and  the  basal  joint  is  cylindrical  and  elongated.  They  also  bear  the 
large  pinnate  gill  and  a  peculiar  plate.  Of  the  remaining  six  paii'S 
of  thoracic  appendages,  the  two  anterior  are  always  formed  like  the 
feet  of  the  Sclnzopoda ;  they  consist  of  a  six-jointed  leg,  the  basal 
joint  being  strongly  developed  and  lamellar,  and  of  a  multiarticulate 
accessory  ramus  (exopodite)  beset  with  long  swimming  setse.  The 
four  last  pairs  of  appendages  are  also  six-jointed,  but  are  shorter ; 
they  bear  in  many  cases,  with  the  invariable  exception  of  the  last 
pair,  a  larger  or  smaller  swimming  appendage  as  exopodite.  The 
very  narrow  and  elongated  abdomen  is,  in  the  female,  entirely  without 
swimming  feet,  but  bears  on  the  large  sixth  segment  at  the  sides  of 
the  caudal  plate  long-stalked  biramous  caudal  styles ;  while  in  the 
male  two,  three  or  five  pairs  of  swimming  feet  may  in  addition  be 
present  on  the  preceding  segments. 

Fam.  Diastylidse.  Dlastijlh  Ilathldl  Kr.,  North  Sea.  D.  Edward  fit  Kr. 
Leucu?i  nuMCiis  Ki-. ,  Norway. 

(2)  Sub-order  :  Stomatopoda.  " 

Elongated  Thoracostraca  ivith  short  ceplmlo-thoracic  shield  which 
does  not  cover  the  thoracic  segments.  There  are  five  pair  of  maxilli- 
peds and  three  pair  of  biramous  thoracic  feet.  The  swimming  feet  on 
the  strongly  developed  abdomen  bear  branchial  tufts. 

*  Besides  Dana,  M.  Edwards  and  others,  compare  0.  Fr.  Miillcr.  "  Bruch- 
stiick  aus  der  Eutwickehingsoeschiduc  der  Maulfiisscr,"  I.  and  11.,  Arch iv  fur 
KatnrffcKcJi.,  Tom  XXVIII..  1862,  and  Tom  XXIX.,  1803.  C.  Clans,  "Die 
Metamorphose  der  Squillidcn,"  Ahhandl.  dcr  Gottimicr  /-ocirfdt,  1872.  C. 
Grobbcn,  "  Die  Geschleohtsorgane  von  Squilla  mantis,"  Sit:un<i.^hcr.  der  k. 
Alcad.  der  Wmeiush.,  Wien,  187(5. 
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The  sub-order  Stomatopoda,  with  which  formerly  the  Schizopoda, 
the  genus  Leucifer  and  the  Fhyllosoviata  (which  are  now  known  to 
be  the  larvfie  of  Scyllarus  and  Palinurus)  were  united,  is  confined 
at  the  present  day  to  the  small  and  well-defined  group  of  forms 
included  in  the  Squillidce. 

They  nre  Thoracostraca  of  considerable  size  and  of  elongated 
shape,  with  a  broad,  well-developed  abdomen,  which  is  much  more 
extensive  than  the  anterior  part  of  the  body  and  terminates  in  an 
extraordinarily  large  caudal  fin.  The  cephalo-thoracic  shield,  which 
is  formed  of  comparatively  soft  integument,  is  short  and  leaves 
at  least  the  three  large  posterior  thoracic  segments  to  which  the 
biramous  swimming  feet  belong  quite  uncovered.  The  short  segments 
of  the  maxiUipeds  also  are  not  fused  with  the  carapace. 

Appendages. — The  anterior  part  of  the  head  with  the  eyes  and 
antennte  is  movable,  and  the  ventral  portions  of  the  following 
segments  covered  by  the  cephalo-thoracic  shield  are  capable  of 
limited  movements  upon  one  another  (fig.   369).     The  anterior 


Fig.  3.m.—S<italla  mantis.   A',  A",  antennaj ;  ij',  Kf,  the  anterior  maxiUipeds  on  the 
cephalothorax  ;  B',  B",  B'",  the  three  pairs  of  biramous  legs. 


internal  antennje  consist  of  a  long  three-jointed  shaft,  bearing  three 
multiarticulate  fiagella.  The  second  paii-  of  antennse  has  a  lai'ge 
scale  on  the  outer  side  of  the  multiarticulate  flagellum  (fig.  369). 
The  mandibles,  which  are  placed  far  back,  are  provided  with  a  slender 
three-jointed  palp.  The  maxilLne  are  relatively  small  and  weak. 
The  five  following  paii-s  of  pediform  appendages  are  crowded 
together  close  to  the  mouth,  and  on  this  account  have  been  appro- 
priately described  as  oral  feet.  They  all  bear  at  theii-  base  a 
discoidal  plate,  which,  in  the  case  of  the  two  anterior  pairs,  attains  a 
considerable  size.  The  anterior  pair  alone  (first  maxilliped)  is 
slender  and  palpiform ;  it  ends,  however,  in  a  small  chela,  which 
serves  to  seize  the  prey.  The  chela  in  this  and  all  the  other 
maxiUipeds  of  the  Stomatopoda  is  formed  by  the  terminal  joint 
turning  baxjk  and  biting  on  the  penultimate  joiait.    The  maxiUipeds 
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of  the  second  pair  are  by  far  the  largest ;  they  are  moved  more  or 
less  outwards  and  are  provided  with  a  very  large  chela.  The  three 
following  paii-s  resemble  each  other  in  size  and  structure,  each 
ending  in  a  smaller  rounded  chela.  Accordingly  there  remain  for 
locomotion  only  the  three  pairs  of  legs  of  the  la.st  three  uncovered 
thoracic  segments ;  they  have  the  form  of  biramous  swimming  feet. 
The  abdominal  swimming  feet,  however,  are  much  more  developed 
and  bear  the  branchial  tufts  on  their  external  lamell*. 

The  two  sexes  are  only  slightly  different.  The  male  is,  however, 
easily  to  be  recognised  by  the  possession  of  the  pair  of  rods  at  the 
base  of  the  last  pair  of  thoracic  feet,  and  also  by  the  slightly  modified 
form  of  the  first  pair  of  abdominal  feet. 

Metamorph  osis. — The 

post  -  embryonic  development 
consists  of  a  complicated 
metamorphosis,  which,  unfor- 
tunately, is  as  yet  not  com- 
pletely known  to  us.  The 
youngest  larvae  observed  (about 
2  mm.  long)  already  possess 
all  the  segments  of  the  tho- 
rax ;  but  the  abdomen,  except 
the  caudal  plate,  is  still  un- 
developed. They  are  thus 
very  different  from  the  Zotea 
of  the  Beca'poda.  Later 
larval  stages  are  described 
as  AUma  and  Erichthus  (fig. 
370). 

The  Stoniatojmla  are  found 
exclusively   in    the  warmer 
seas.     They    are  excellent 
swimmers  and  live  by  preying  on  other  marine  animals. 

Fam.  Squillidffi.  Sqidlla  mantli  Eond.,  Sq.  Demtarestii  Kisso,  Adriatic  and 
Mediterranean. 

(3)  Sub-order:  Schizopoda.* 

Small  Thoracostraca  with  large,  usually  soft  ce2)halo-thoracic  shield 
and  eight  2^ciirs  of  biramous  thoracic  feet,  which  are  similarly  formed 
and  frequently  lear  freely-p'ojecting  gills. 

*  G.  0.  Sars,  "  Hist.  nat.  des  Crustac6s  d'eau  douce  de  Norv^ge,"  Christiania, 


Fig.  370.— Young  Alma  larva.  Af.  Abdominal 
feet  (ijleopods) ;  Mxf,  anterior  maxillipeds ; 
Mxf,  the  large  maxillipeds  (second  pair). 
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In  theii-  outwai-d  appearance  the  Schizo2)oda  resemble  the  long- 
tailed  Decapods,  inasmuch  as  they  possess  an  elongated  and  nsvially 
compressed  body,  a  large  cephalo -thoracic  shield  covering  the  thoracic 
segments  more  or  less  completely  and  a  well-developed  abdomen. 
In  the  strnctizre  of  their  maxillipeds  and  thoracic  legs,  ,  however,  they 
differ  essentially  from  the  Decapods  and  apj)roach  the  more  advanced 
larva?  of  the  prawns,  which  they  also  resemble  in  their  simpler 
internal  oi'ganization.  Fui'ther,  in  all  the  deep  sea  forms  the  cephalo- 
thoracic  shield  leaves  a  greater  number  of  the  thoracic  segments 
free  [Siriella),  and  in  the  early  larval  stages  all  the  thoracic  seg- 
ments are  free  as  in  Nebalia.  A  larger  or  smaller  number  of  these 
free  segments  subsequently  fuse  on  the  dorsal  side  with  the  carapace 
{Gnathophausia). 

Appendages. — The  first  three  paii-s  of  thoracic  appendages  (the 
homologues  of  the  maxillipeds  of  the  Decapodci)  are  biramous 
ambulatory  legs  and  resemble  in  structure  the  following  thoracic 
legs,  which,  by  the  possession  of  a  multiarticulate  setigerous  exopodite, 
are  adapted  both  for  swimming  and  for  producing  curi-ents  in  the 
water.  The  two  anterior  pairs,  however,  show  a  closer  relation  to 
the  oral  appendages  by  their  shorter  and  stouter  form  and  by  the 
presence  of  processes  on  the  basal  joint  {Mysis,  Siriella).  The 
principal  ramus  (endopodite)  of  the  leg  is  always  relatively  slender 
and  ends  with  a  simple  weak  claw  or  with  a  multiarticulate  tarsal 
flagellum.  Rarely  {Euj)hausia)  the  two  last  pairs  of  thoracic  legs  are 
entirely  rudimentary,  except  as  regards  the  largely  developed  bran- 
chial appendages.  The  abdominal  legs  are  usually  small  and 
delicate  in  the  female,  but  are  strongly  developed  in  the  male. 
Sometimes  they  are  of  abnormal  size  and  form  (to  assist  in  copula- 
tion), but  only  exceptionally  (male  of  Siriella)  bear  gills.  The 
appendages  of  the  sixth  segment,  which  is  usually  very  much 
elongated,  are  always  lamellar,  biramous  structures  and  form  with 
the  telson  a  powerful  caudal  fin  (fig.  371).  The  inner  lamella  or 
endopodite  of  this  pair  of  limbs  frequently  contains  an  auditory 
vesicle. 

The  differences  between  the  males  and  females  are  so  great  that 
formerly  they  were  placed  in  chstinct  genera.  The  former  possess, 
on  the  anterior  antennte,  a  comb-  shaped  prominence  bearing  a  great 
number  "of  olfactory  hairs ;  and,  owdng  to  the  larger  size  of  the 

18G7.  G.  0.  Sars  "Carcinologiske  Bidrag  til  Norges  Fauna.  Mysicler," 
Chnstmnia  18^0  and  1872.  R.  y.  Willemoes-Suhm,  "  On  some  Atlant.  Crus- 
tacea,  cf.  Irans.  Lin.  Soc.,  1875. 
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abcloiiiinal  feet,  of  which  tlie  anterior  may,  moreover,  be  provided  with 
copulatory  appeiidiiges,  they  are  capable  of  a  moi-e  rapid  and  perfect 
locomotion  than  the  females,  to  which  fact  corresponds  again  the 
greater  respiratory  requirements  and  the  possession  of  branchial 
appendages  in  Siriella. 

Development. — The  females  bear  on  the  two  posterior  {Mysis)  or 
at  the  same  time  also  on  the  median  and  anterior  I^Lophoyaster)  paii-s 

of  thoi'acic  limbs  lamellae, 
which  form  a  brood  pouch,  in 
which,  as  in  the  Arthrostraca, 
the  large  eggs  undergo  their 
embryonic  development.  In 
other  cases  (Bu2)haitsia),  the 
development  proceeds  by  meta- 
morphosis. The  young  £Ju- 
2)hausia  is  hatched  as  a  Nau- 
plius  larva,  on  which  the  three 
following  pairs  of  appendages 
(maxillae  and  first  maxillipeds) 
soon  appear  as  small  promi- 
nences. The  large  carapace 
of  the  Nauplius,  which  is 
curved  forwards  round  the 
base  of  the  antennae  Avhere  it 
has  a  serrated  edge,  is  the  first 
rudiment  of  the  cephalo-tho- 
racic  shield,  and  beneath  it, 
at  the  sides  of  the  unpaired 
eye,  the  rudiments  of  the  late- 
ral eyes  are  visible.  The  larva 
then,  having  moulted,  assumes 
first  the  form  of  the  Proto- 
zoaea  and  then  of  the  Zoaja 
Tig.  371.— ocidaia.   Female  with  brood     (described  by  Dana  as  Calyp- 

lamella;  (after  G.  O.  Sars).  Gl,  Aixditory  topis),  Avllich  is  however  prO- 
VGSicls. 

vided  with  only  six  pairs  of 
appendages  and  a  long,  already  fully  segmented,  apodal  abdomen. 
In  the  numerous  succeeding  larval  stages  {Furcilia,  Cyrtopia)  the 
remaining  appendages  are  successively  developed. 

Fam   Mysidse.  /.f  ciih/aris  Thomps.,  M.  flcxuosa  0.  Fr.  MiUl.,  M.  inrrmix 

KaethL  ,  northern  seas     Siriella  Edwardsii  Cls. 
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Fam.  Euphausidae.    Eiiplvausia  aplendens  Dana,  Atl.  Ocean.  ThijsaiKypoda 
norwi'g'u'd  yurs. 
Fam.  Lophogastridae.    Lophoriaxtev  ti/picm  Sars,  Norway. 


(4)  Sub-order  :  Decapoda.* 

Podophthalmia  xoitli  large  dorsal  cej^halo-thoracic  shield,  lohich  is 
■itsually  fused  with  all  the  segments  of  the  head  and  thorax.  They 
have  three  [tivo)  pairs  of  maxillijjeds  and  ten  {tioelve)  ambulatory 
limbs,  some  of  lohich  are  armed  with  chelce. 

The  head  and  thorax  are  completely  covered  by  the  dorsal  carapace, 
the  lateral  expansions  of  which  cover  the  basal  joints  of  the  maxil- 
lipeds  and  legs,  forming  a  branchial  chamber  on  either  side,  in  which 
the  gUls  are  concealed.  Only  the  last  thoracic  segment  may  retain 
its  independence  and  be  more  or  less  movable.  The  shell  is  pro- 
longed into  a  frontal  spine  (the  rostrum)  between  the  eyes.  The 
firm,  calcified  integument  of  the  dorsal  carapace  presents,  especially 
in  the  larger  forms,  symmetrical  prominences  caused  by  the  sub- 
jacent internal  organs  :  these  may  be  distinguished  as  regions  and 
named  in  accordance  with  the  internal  organs 

The  abdomen  presents  considerable  differences  both  of  size  and 
form  throughout  the  sub-order.  In  the  Macricra  it  is  of  considerable 
size,  possesses  a  hard  exoskeleton,  and,  in  addition  to  the  five  pairs  of 
feet  of  which  the  anterior  are  often  aborted  in  the  female,  is 
provided  with  a  large  swimming  fin  (the  telson  and  the  pair  of 
large  swimming  feet  of  the  sixth  segment).  In  the  Brachyura  the 
abdomen  is  without  a  caudal  fin  and  is  reduced  to  a  broad  (female) 
or  a  narrow  triangular  (male)  plate,  which  is  bent  up  against  the 
concave  sternal  surface  of  the  thorax.  The  abdominal  feet  also  are 
slender  and  styliform,  and  in  the  male  are  only  developed  on  the  two 
antei'ior  segments. 

Appendages.— The  anterior  antennje  in  the  Brachyura  are  often 
concealed  in  lateral  pits;  they  usually  arise  beneath  the  movably 
articulated  eye-stalks,  and  consist  of  a  three-jointed  basal  portion 
bearmg  two  or  three  multiarticulate  flagella.    The  posterior  antennae 

Natiu;geschichte  der  Krabbcn  und  Krebs 


dung  dcs  Flusskrebses,"  Leipzig,  1829.  Spence  Bate,  "  On  he  evdop^^^^^^ 
of  Decapod  Cru.stacea,"  Phil.  Tran...  of  the  Roy.  Soc,  London  1859  C  C  nn« 
Zur  Kenntmss  c^r  Malacostrakenlarven,"  natS^^l^u.S^^ 
II.,  186L  Iv.  Muller,  "Die  Verwandhing  der  Garneclen  "  lIvX>  /T. 
^atunJesck.,  Tom  XIX.,  1803.    Fr.  Milller,    Fiir  Daz.vTn" '  Ldpzig;  1861.  ^ 
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are  usujilly  inserted  externally  and  somewhat  ventrally  to  the  first 
pair  on  a  fiat  plate  placed  in  front  of  the  mouth  (ejnstom  or  oral 
shield) :  they  frequently  possess  a  scale-like  lamellar  appendage.  At 
their  base  there  is  always  a  protuberance  with  a  pore  at  its  end, 
through  which  the  duct  of  the  antennal  gland  (green  gland)  opens. 

The  mandibles  vary  considerably  in  shape  in  the  different  forms, 
but  have,  as  a  rule,  a  two  or  three-jointed  palp,  which,  however,  Ls 
absent  in  many  prawns  (Caiididse).  They  are  either  straight  and 
sti'ongly  toothed  on  their  thickened  antei'ior  edge  (Bracht/ura),  or 
are  slendei-  and  much  bent  {Crangon),  or  else  forked  at  the  ends 
{Palcemonidm  and  Al2)lieidce).  The  anterior  maxillae  always  consist 
of  two  lamellae  and  a  palp,  which  is  usually  simple.  The  posterior 
maxillfe,  on  which  there  are  usually  four  lamellae  (two  double 
lamellae)  as  well  as  palps,  bear  a  large  respiratory  plate  with  setose 
edges  (scaphognathite).  These  ai^e  followed  by  three  pairs  of 
maxillipeds,  which,  as  a  rule,  have  a  flagellate  appendage.  There 

remain,  therefore,  only 
five  pairs  of  thoracic 
appendages  for  use  as 
legs ;  of  these  the  two 
last  are  sometimes  re- 
duced or  may  even  be 
entirely  absent  [Leuci- 
/er)   as    the  result  of 

Fig.  372.  -Young  form  (larva)  of  the  lobster  (after  G.      retrogressive  changes. 
O.  Sars).    JE,  rostrum;  antemiEe;  X'".  third      rj^^^^    thoracic  segments 

maxilliped ;  I"  anterior  ambulatory  leg.  ° 

to  which  the  ambulatory 
legs  belong  are,  as  a  rule,  all  or  all  -but  the  last  fused  together 
and  form  on  the  ventral  side  a  continuous  plate,  which  in  all  the 
Brachyura  is  broad.  The  legs  consist  of  seven  joints,  which  corre- 
spond to  those  of  the  Arthrostraca,  and  frequently  end  with  a  chela 
or  prehensile  hand. 

Development. — The  gi-eater  number  of  marine  Decapoda  leave 
the  egg  membranes  in  the  zoaea  form ;  in  Homarus,  amongst  the 
Macrwra,  the  metamorphosis  is  much  reduced  and  the  just-hatched 
young  possesses  all  the  thoracic  legs,  which  are,  however,  pro\-ided 
with  external  swimming  rami,  but  it  is  still  without  the  abdominal 
feet  (fig.  372). 

Embryonic  development. — In  addition  to  the  classical  researches 
of  Rathke  *  on  the  crayfish,  more  recent  works,  especially  those  of 
*  Besides  Rathke  1.  c.  and  LerebouUet  1.  c.,  and  a  Russian  paper  of  Bobretzky, 
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Bobretzky  (prawiis  and  cray-fish)  and  Reichenbach  (cray  fish)  bave 
yielded  important  results.  The  segmentation  seems  (in  all  cases?) 
to  be  superficial  (centrolecithal),  that  is,  to  be  confined  to  the 
peripheral  yolk  (formative  yolk).  This  divides  successively  into  two, 
four,  eight,  and  an  increasing  number  of  segmentation  cells,  while 
the  central  granular  food  yolk,  which  is  rich  in  oil  globules,  remains 
unsegmented.  The  young  of  Astacus,  when  hatched,  resemble  the 
adult  animal,  excepting  that  the  caudal  fin  is  still  rudimentary. 

I. — Macrura. 

The  abdomen  is  strongly  developed  and  is  at  least  as  long  as  the 
anterior  part  of  the  body ;  there  are  four  or  five  pairs  of  abdominal 
feet  and  a  broad,  well-developed  caudal  fin.  The  antennules  bear 
two  or  three  flagella,  the  antennte  have  one  simple  flagellum  and 
frequently  bear  a  scale  at  the  base.  The  maxillipeds  of  the  third 
pah-  are  long  and  pediform  and  do  not  completely  cover  the  pre- 
ceding ones.  The  Zocea  larva,  when  hatched,  is  elongated  and  has 
usually  three  pair  of  biramous  feet. 

Fam.  Carididae.  Prawns.  Body  laterally  compressed,  with  a  thin  shell,  which, 
is  often  provided  with  a  median  ridge  and  prolonged  into  a  saw-like  frontal 
process.  The  posterior  (external)  antennaj  are  inserted  beneath  the  anterior 
(internal)  and  have  a  large  scale  projecting  over  the  stalk.  The  long  and 
slender  anterior  pairs  of  ambulatory  legs  fi-equently  end  in  chelaj.  They  live  in 
shoals  near  the  coast.  Some  genera  QPenceits)  possess  a  rudimentary  swimming 
ramus.  PalcBmon  sqiiilla  L.,  Crangon  mdgaris  Fabr.,  Pontonia  trjrrliena  Eisso, 
lives  between  the  shells  of  bivalves.    Scrgcstcs  atlantimis  Edw. 

Fam.  Astacidae.  Tolerably  large,  usually  with  a  hard  shell.  The  cephalo- 
thorax  is  slightly  compressed,  the  abdomen  flattened.  The  anteunje  are  attached 
near  the  antennules,  and  bear  a  small  or  quite  reduced  scale  at  their  base.  The 
first  pair  of  ambulatory  feet  ends  with  large  chela;,  as  do  in  many  cases  the 
weaker  and  smaller  second  and  third  pairs.  Some  soft-skinned  forms  bury 
themselves  in  the  mud  or  sand.  Axtacns  Jiuviatilis  ^oti(\..,  Crayfish.  Hovmrvs 
vulgar ii!  Bel.,  Lobster.  jYcj?Jiro]Js  norwcgicus  L.,  Gchia  Leach.,  Thala-mna 
Latr.,  CalUanassa  suhterranea  Mont.,  buries  itself  in  sand  on  the  sea-shore. 

Fam.  Loricata.  With  very  hard,  rough  armour,  and  large  broad  abdomen. 
The  antennules  end  with  two  short  flagella  ;  all  five  pairs  of  ambulatory  feet 
with  simple  claws.  The  larvfe  are  described  as  species  of  Phyllosuma. 
Palimrm  qvadriccrnh  Latr.    Scyllarus  latus  Latr. 

Fam.  Galatheidse.  With  broad,  rather  large  abdomen,  and  well-develpped 
caudal  fin.  The  first  pair  of  legs  is  chelate,  the  last  is  weak  and  reduced. 
Galathea  strigosa  L. 

Fam.  Hippidae.  Cephalo-thoracic  shield  long  ;  end  of  the  abdomen  curved. 
The  first  pair  of  legs  usually  with  a  finger-shaped  terminal  joint ;  the  last  is 

Kiew  1873  compare  H.  Reiclienbach.  "  Die  Embryonalanlage  und  erste  Ent- 
wickelung  des  Ilusskrebses,"  ZciUchr.fiir  Whx.Zuol.,  Tom  XXIX.,  1877. 
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weak.  Ilippa  rrmiita  L.,  lives  l^uried  in  the  sea  sand,  Brazil.  Alhnu-a 
sijiiinixtd  Fill)]-.,  Mediterranean. 

Fani.  Paguridse.  Hermit  crabs.  Ahdonien  lonp,  usually  covered  with  a  soft 
skin  and  distorted,  with  narj-ow  anal  fin  and  rudimentary  abdominal  feet. 
The  first  pair  of  feet  ends  with  jjowerful  chelie,  the  two  last  are  reduced.  Some 
of  them  seek  shelter  in  empty  snail  shells,  to  jn-otect  their  soft -skinned  abdo- 
niinal  region.  Pa(jHvnx  Brrnliardtix  L.,  CoanohiUt  riKjima  Edw.,  JHrfiiiK  Intro 
Herbst,  said  to  climb  palm-trees. 

II. — Braciiyura, 

With  pits  for  the  reception  of  the  short  internal  (anterior)  antenna 
and  so-called  orbits,  i.e.,  cavities  for  the  reception  of  the  stalked  eye.s. 
Abdomen  short  and  reduced,  without  caudal  fin,  curved  round  against 
the  excavated  ventral  surface  of  the  thorax ;  in  the  male  narrow  and 
pointed,  with  only  one,  more  rarely  two  pairs  of  abdominal  feet ;  in 
the  female  broad,  with  four  pairs  of  abdominal  feet.  In  the  female 
each  oviduct  dilates  to  form  a  bursa  copulatrix.  The  thii-d  pair  of 
maxillipeds  have  broad  flat  joints  and  completely  cover  the  anterior 
mouth  parts.  The  just-hatched  Zocea  larvae  of  stout  shape,  with 
only  two  pairs  of  biramous  feet  and  a  dorsal  spine  ;  later  they  assume 
the  Megaloixi  form.    Many  Brachyura  live  on  land, 

Fam.  Notopoda.  Transitional  between  the  Bracliijura  and  Macrvra.  The 
two  or  four  posterior  thoracic  feet  are  articulated  higher  up  than  the  four  or  three 
posterior  pairs,  and  shifted  on  to  the  back.  The  fii-st  pair  of  feet  has  large 
chelee,  the  last  is  often  modified  to  swimming  feet.  Porcellana  platycJi^tlf^s 
Penn,  Droiiii/t  rnhiarix  Edw.,  LithHlcx.  Latr. 

Fam.  Oxystomata.  With  rounded  cephalo-thorax.  The  frontal  region  does 
not  project.  The  buccal  frame  is  triangular.  The  male  genital  openings  are  on  the 
basal  joint  of  the  last  pair  of  thoracic  legs.  Calappa  (jvaimlata  L.,  Ilia  nnclcusi 
Herbst,  Mediterranean. 

Fam.  Oxyrhyncha.  Cephalo-thorax  usually  triangular,  with  projecting 
pointed  rostrum.  There  are  nine  gills  on  either  side.  The  male  genital 
opening  is  on  the  basal  joint  of  the  last  pair  of  thoracic  legs.  The  thoracic 
ganglia  are  united  iiito  one  mass.  They  do  not  swim  but  crawl.  Inachvs 
scorxno  Fabr.,  3Iaja  squinado  Eond.,  Pim,  armata  Latr.,  Stenorhynelmn  Lam. 

Fam.  Cyclometopa.  With  broad,  short  cephalo-thorax,  roimded  anteriorly. 
Without  projecting  fi'ontal  rostrum.  There  are  nine  gills  on  either  side.  The 
male  genital  opening  is  on  the  basal  jointof  the  last  pair  of  thoracic  legs.  Some 
of  them  are  good  swimmers.  Cancer  pafjuvuii  L.,  J^CLiitlio  I'ivuloxiDs  Eisso, 
Mediterranean.    CavcinvK  mccnas  L.,  Furtwius puhcr  L. 

Fam.  Catometopa.  Quadrilatera.  Cephalo-thorax  quadrilatei-al.  Frontal 
region  is  curved  downwards.  There  are  fewer  than  nuie  gills.  The  male 
genital  openings  usually  lie  on  the  sternum.  Some  of  them  live  for  a  long 
time  away  from  the  water.  Home  live  in  holes  in  the  earth,  as  land  crabs. 
Piiinnthcron  jn-'^iim  L,,  in  the  shells  of  Mytilus.  P.  vctcrvm  Bosc,  in  the  shells 
of  Pinna  ;  known  to  the  ancients,  who  thought  that  there  was  a  relation  of 
mutual  assistance  between  the  crab  and  the  moUusk.    Oci/poda  curxor  Bel., 
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Gelasimus  forceps  Latr.,  Gnqwis  variuit  Latr.,  Gt'cavchms  ruricnla  L.,  Land 
Crabs.  Water  is  retaiued  for  a  long  time  in  the  branchial  cavities,  owing  to  the 
presence  of  secondary  spaces  around  the  branchial  plates,  which  are  thus  pre- 
vented from  sticking  together.    They  live  in  holes  in  the  earth  in  the  Antilles. 


III.— GIGANTOSTEACA. 

The  Xiphosura  or  Pcecilopoda,  represented  by  the  living  genus 
Limulus  and  the  orders  of  the  fossil  Merostomata,  may  be  united 
under  this  head,  as  opposed  to  the  Entomostraca  and  Malacostraca. 

They  are  principally  characterised  by  the  possession  of  a  single 
pail-  of  appendages  placed  in  front  of  the  mouth  and  innervated  from 
the  cerebral  ganglion,  also  by  the  presence  of  four  or  five  pairs  of 
legs,  which  are  placed  round  the  mouth  and  whose  basal  joints  are 
modified  to  foim  large  mandible-like  masticatory  organs.  Behind 
the  last  pair  of  legs  there  is  a  simple  or  cleft  pi'ominence,  forming 
a  sort  of  underlip.  The  region  of  the  body  which  bears  these  appen- 
dages is  to  be  considered  as  an  unsegmented  cephalo -thorax ;  it  is 
shield-shaped  and  may  be  drawn  out  into  projecting  wing-shaped 
lateral  portions.  On  its  upper  surface  two  small  median  frontal  eyes 
as  well  as  two  lar-ge  lateral  eyes  can  be  distinguished.  Following  the 
ceplialo-thorax  there  is  an  abdomen,  which  is  usually  elongated  and 
comjjosed  of  a  greater  number  of  segments.  The  abdomen  tapers 
posteriorly  and  terminates  in  a  telson,  which  may  be  flat  or  drawn 
out  into  the  form  of  a  spine. 

Order  1. — Merostomata.* 

Gigantostraca  with  five  j^cdrs  of  appendages  on  the  cephalo-thorax 
lahich  is  relatively  short ;  with  an  elongated  apodal  abdomen,  usually 
Gomjyosed  of  twelve  segments  and  ending  in  a  flat  or  styliform  telson. 

The  powei-ful  body  of  the  Eurypteridm  (included  with  the  Pmcilo- 
poda  by  Woodward),  as  the  most  important  family  of  the  Merostomata 
is  named  after  the  genus  Eurypterus,  consists  of  a  cephalo -thora;cic 
shield  with  median  ocelli  as  well  as  large  projecting  marginal  eyes,  also 
of  an  abdomen  with  numerous  (usually  twelve)  segments  which  become 
longer  posteriorly,  and  of  a  caudal  shield,  which  is  prolonged  into  a 
spine.    Round  the  mouth  on  the  underside  of  the  cephalo-thorax 

*  Woodward,  "  Monograph  of  the  Brit,  fossil  Crustacea  belono-ing  to  the 
order  of  Merostomata."  P.  1..  II.,  Pulwout.  Soc.  of  London,  1866-1869.  Wood- 
ward, "  On  some  points  in  the  structui-e  of  the  Xiphosura,  having  reference  to 
their  relationship  with  the  Eurypteridm,"  Quarterly  Jom-n.  Gcol.  Soc.  of  London 
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there  are  five  pairs  of  long  spiny  legs,  of  which  the  last  is  much  the 
largest  and  ends  in  a  broad  swimming-fin.  Some  of  the  anterior 
appendages  may  be  armed  with  a  chela.  The  resemblance  of  the  true 
Eiiryjjteridm  (in  tlie  general  shape  of  their  body)  to  the  Scorpionidai 
is  very  striking,  while  the  genus  Jlemiasjns  presents  affinities  to  the 
Piecilojioda.  The  most  important  forms  are  :  Eurypterua  pyyriioiua 
Salt.,  Devonian  strata,  Pterygotios  anglicus  Ag.,  four  feet  long,  from 
the  upper  Silurian  (fig.  373). 


Fig.  d73.—Suri/pterus  remipex  after  Nieszkowski.    a,  Dorsal  view  ;  b,  ventral  view ;  O,  eyee ; 

St.  caudal  spiue  ;  M,  hypostome. 

Order  2. — Xiphosura.* 

Gigantostraca  lohose  body  is  divided  into  three  p)Ct,rts,  lohich  are 
movably  articulated  together  ;  a  large  shield-shajied  ceplmlo-thorax,  an 
abdomen  with  Jive  pairs  of  lamellar  feet  and  a  long  movable  caiuLal  spi^ie. 

The  large  body  of  these  Crustacea  is  covered  with  a  strong  chiti- 

•  C  GegenbauT,  "  Anatomische  Untersucliung  eincs  LimuluP,  mit  bcsonderer 
Beriicksichtigung  der  Gevvebe,"  AhJuuull.  ,Ur  naturforxch    Gesdhrhaft  zu 
Ilallc  \y  18r.8.    Packard.  "  The  Development  of  Limnlus  Polyphemus,  ,Vv. 
'   ~lst  1870.   A.  M.  Edwards.  •'  Reclicrclies  sur  I'anatomie  des  Limules. 
■'       -      _     T,  T '•Limulus 


lwl"t5«irV°"Seir'fom7  XVII.' 187i  [E.  R.  Lanko-stcr 

an  Arachnid,"  Qvart.  Jnurn.  Mio.  Soc,  vol.  xxi.] 
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nous  armour  and  is  divided  into  an  arched  cephalo-thorax  and  a  flat, 
almost  hexagonal  abdomen,  which  ends  in  a  movable  sword-like 
caudal  spine.  The  cephalo-thorax  (fig.  374)  forms  by  far  the  larger 
part  of  the  body;  it  bears  on  its  arched  dorsal  surface  two  large 
compound  eyes,  and  further  forwards,  nearer  the  middle  line,  two 
smaller  simple  eyes ;  while  on  its  venti-al  surface  there  ai-e  six  pairs 
of  appendages,  of  which  the  anterior  pair 
is  slender  and  may,  on  account  of  its 
position  in  front  of  the  mouth,  be  re- 
garded as  a  pair  of  antennae,  although  it 
ends,  like  the  others,  with  a  chela.  The 
latter  ai-e  placed  to  the  right  and  left 
of  the  mouth,  and  their  coxal  joints  serve 
as  organs  for  the  mastication  of  the  food. 
At  the  end  of  the  cephalo-thorax  thei-e 
is  a  pair  of  lamellar  appendages,  which 
are  connected  in  the  middle  line  and  form 
a  kind  of  operculum  for  the  branchial  ap- 
pendages of  the  abdomen.  It  seems  of 
interest  that  the  form  of  this  branchial 
operculum  in  the  Asiatic  and  American 
species  presents  constant  differences,  in 
that  the  median  portion  in  the  foi-mer  is 
undivided,  and  in  the  latter  consists  of 
two  joints.  The  shield-shaped  abdomen 
which,  by  means  of  a  transverse  joint,  is 
movable  on  the  cephalic  shield  in  a  dorso- 
ventral  direction,  is  armed  on  either  side 
with  movable  spines,  and  bears  on  its  ven- 
tral surface  five  pairs  of  lamellar  feet, 
which  are  almost  completely  covered  by 
the  operculum.  These  abdominal  feet 
assist  both  in  swimming  and  in  respira- 
tion, since  the  respiratory  lamellje  are 
placed  on  them  (fig,  .374,  a,  h). 


The  internal  organization  attains  a  re- 


FiG.  374. — a  Limulus  inolticcanus, 
seen  from  the  dorsal  side 
(after  Huxley).  O,  eyes;  St, 
caudal  spine,  b,  L.  rotundi- 
Cauda  (after  M.  Edwards), 
seen  from  the  venti-al  side.  A 
Antennae;  B,  the  feet  with 
their  coxal  jaws ;  X,  gills ;  Op, 
operculum. 


latively  high  development  in  correspondence 
with  the  large  size  of  the  body.  In  the 
nervous  system  the  following  parts  can  be  distinguished 
oesophageal  ring,  the  anterior  part  of  which  constitutes 
and  gives  off  the  optic  nerves,  while  from  the  lateral 


; — a  broad 
the  brain 
parts  the 
31 
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SIX  pairs  of  nerves  to  the  antennae  and  legs  take  tlieir  origin  ;  a 
suba^sophiigeal  ganglionic  mass  with  three  transverse  comnii>isures : 
and  a  double  ganglionic  cord,  which  gives  off  branches  to  the  venti-al 
feet  and  ends  with  a.  doul)le  ganglion  in  the  abdomen.  The  alimen- 
tary canal  consists  of  (usophagus,  masticatory  stomacli,  and  a  straight 
intestine  communicating  with  a  liver  and  opening  ))y  the  anus,  whicli 
is  placed  immediately  in  front  of  the  base  of  the  caudal  spine. 

The  heart  is  elongated  and  tubular,  and  is  pierced  by  eight  pairs 
of  slits,  which  can  be  closed  with  valves;  it  is  also  provided  with 
arteries,  which,  after  a  short  course,  pass  into  lacunar  blood  paths. 
From  the  base  of  the  gills,  two  spaces,  returning  the  blood,  extend  to 
the  pericai-dial  sinus. 

Five  paii's  of  appendages  of  the  abdominal  feet  function  as  gills. 

These  are  composed  of  a  vei-_>'  large 
number  of  delicate  lamellae,  l}  ing  one 
on  another  like  the  leaves  of  a  book. 

Generative  organs. — The  branched 
ovaries  unite  to  form  two  oWducts, 
which  open  by  separate  openings  on 
the  under  side  of  the  operculum  (first 
pair  of  abdominal  limbs) ;  in  the  male 
the  openings  of  the  two  seminal  ducts 
are  placed  in  the  same  position.  In 
the  male,  the  anterior  thoracic  feet 
end  in  simple  claws. 
Development. — It  is  known  that  the  young  leave  the  egg  without 
the  caudal  spine  and  often  without  the  three  posterior  paii-s  of  gill- 
bearing  feet.  This  stage  has  been  suitably  named  the  Tiilobite 
stage,  on  account  of  the  i-esemblance  which  the  larva  presents  to  a 
Trilobite  (fig.  375).  On  the  cephalic  shield  there  is  a  median  keel- 
like ridge,  which  is  also  found  on  the  abdominal  segments.  The 
last  abdominal  segment  includes  between  its  lateral  portions  the 
short  i-udiment  of  the  caudal  spine.  In  the  next  stage  the  segmen- 
tation of  the  abdomen  becomes  less  obvious  (the  caudal  shield 
becomes  consolidated)  and  the  caudal  spine  developed. 

The  adult  animals  reach  a  length  of  several  feet,  and  live 
exclusively  in  the  warm  seas,  in  the  Indian  Archipelago  and  on  the 
east  coast  of  America.  They  exist  at  a  depth  of  two  to  six  fathoms 
and  move  about  in  the  mud  by  the  alternating  bending  and 
straightening  of  the  cephalic  and  abdominal  shields  and  the  caudal 
spine.    Their  food  .consists  chiefly  of  Nereids.    They  are  found  in  a 


Fig.  375. — Embryo  of  Limulus  in  the 
Trilobite  stage  (after  A.  Dohin). 
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fossil  state,  especially  iii  the  Sohlenhofen  lithographic  slate,  but  also 
ill  older  formations  as  far  back  as  the  Uebergangsgebii-ge  (Cambrian, 
Silurian,  etc.)  formation. 

Linmlus  moluooannx  L.itr.,  East  Indies.    L.  pohj2^Jifi9}i.v.s  L.,  East  Coast  of 
North  America. 

TRILOBITA.* 

In  connection  with  the  Merostomata  and  the  Xiphosura,  the 
Trilobites  may  be  considered.  Their  systematic  position  cannot  as 
yet  be  defined  with  certainty. 
They  lived  only  in  the  most  an- 
cient periods  of  the  earth's  his- 
tory, and  their  fossil  remains  are 
found  in  great  numbers  and  are 
excellently  preserved;  but,  un- 
fortunately, the  conditions  under 
which  they  wei-e  fossilised  wei-e 
such  that  the  under  side  of  the 
body,    and,    consequently,  the 

structure  of  the  appendages,  that 

is   the   very   characters  which 

would  enable  us  to  decide  theii- 

affinities,   i-emain   unknown  to 

us.      We   may   probably  infer 

from  this  absence  of  any  trace  of 

appendages  *  in  the  fossils,  that 

the  legs  were  soft  and  delicate ; 

but  Burmeister's  conclusion  that 

they  resembled  the  legs  of  the 

Phyllopoda  is  not  justified. 

The  body,  which  is  frequently 

found  rolled  up,  is  covered  with 


Fig.  376.— Diagram  of  Dalmatites  (after 
Pictet).  Gl,  Glabellum ;  Sf,  great  suture 
(ocular  suture);  0,  eyes;  Ge,  separable  gena 
(cheeks)  ;  JRh,  rhachis  (tergum)  ;  PI,  jjleu- 
ron  ;  Pff,  pygidium. 


a  thick  shell,  which  is  di^dded  by  two  parallel  longitudinal  furrows 
into  an  elevated  median  portion  (rhachis)  and  two  latera;!  portions 
{pleura):   it  rarely  attains   any  considerable  size.     There  is  an 

*  Bm-meister,  "  Die  Orgaiiisation  der  Trilobiten,"  etc. ,  Berlin,  1843.  Beyrich 
Uutcrsuchuugen  uber  Trilobiten,"  Berlin,  1845,1846  J.  Bai'rande  "SySme 
silurien  du  centre  de  la  Boherae,"  Prague,  1852.        W  Saltt  'TmonSlnnl! 
of  the  British  Trilobites,"  London,  1864-1866  monogiaph 

of  *an°'l3^/v^r^-'^n?5''         ^T'  .""'^^^^^  "^'^^'^^^  ^^^tral  surface 

ot  ^  Amphvs  (  Notes  on  some  Specimens  of  Lower  Silurian  Trilobites  "  bv 

H  S  '^'^  n"*'  r}^""  ^^"^1^"^  '-^"^  appendages  of  1  apZ?'  etc^ 

by  H  Woodward,  Qjuivt.  Jonrn.  of  tlie  Grolo,,.  Soc  .  London,  1870)  which  are 
said  to  point  to  the  affinity  of  TriloMtrs  with  the  J.sojmla  ' 


484 


TEILOBITA — AUACHNIDA. 


anterior  arclied,  semicircular  region,  which  may  be  regarded  a.s 
head  or  perliaps  as  cephalo-thorax,  and  a  number  of  sharply  dis- 
tinct segments,  which  belong  partly  to  the  thorax  and  paitly  to 
the  abdomen  and  are  tei-minated  by  a  larger  shield-shaped  caudal 
portion,  the  pygidium  (fig.  376). 

At  the  edge  of  the  pygidium,  the  armour  of  the  upper  surface  is 
folded  round  on  to  the  ventral  side  and  leaves  only  the  middle  part 
of  the  latter  uncovei-ed.  The  lateiul  regions  of  the  head,  the 
median  part  of  which  especially  projects  as  the  " glabellum"  bear 
usually  upon  two  piotuberances  large  compound  facetted  eyes,  and 
are  often  prolonged  into  two  very  long  backwardly  directed  spines; 
they  are  also  folded  inwaixls  on  to  the  ventral  sui-face.  With 
the  exception  of  a  plate  (hypostoma)  comparable  to  the  under-lip 
of  Ajous,  no  trace  of  mouth  parts  has  been  observed  for  certain  on 
the  ventral  surface  of  the  head.  The  number  of  thoracic  (trunk) 
segments  varies  considerably,  but  is  tolerably  definite  for  the  adults 
of  each  species.  Their  lateral  portions  are  likemse  folded  inwai-ds 
on  to  the  ventral  sui-face,  and  present  variously  shaped  wing-like 
processes  and  long  pointed  spines. 

The  Trilobites  lived  in  the  sea,  probably  in  shoals  in  shallow  water 
near  the  coast.  Their  fossils  are  amongst  the  most  ancient  remains 
of  animal  life,  and  are  found  principally  in  Bohemia,  Russia,  Sweden 
etc.,  in  the  lowest  strata  of  the  Uebergangsgebirge  (Cambrian, 
Silurian,  etc)  They  have  been  divided  into  numerous  families 
according  to  the  structure  of  the  head  (especially  of  the  glabellum), 
the  form  of  the  pygidium  and  the  number  of  segments.  The  most 
important  genera  are  Calymene  Blumenhachii  Brogn  ;  Olenus  gihhosus 
Wahlb.,  Ellipsocephcdus  Hoffii  Schlotth. 

Class  II.— ARACHNIDA.- 

Air-breathing  Arthropoda  with  fused  head  ami  thorax,  with  two 
pairs  of  jaws,  four  pairs  of  ambulatory  legs  and  apodal  abdomen. 

The  Ai-achnida  include  animals  of  extraordinarily  different  form. 
The  head  and  thorax  are  almost  invariably,  fused  to  form  a  short 
cepholo-thorax ;  but  the  condition  of  the  abdomen  presents  very 
great  variations. 

*  C  A  Walokenaer  et  P.  Gervais,  "  Histoire  naturelle  des  Insectes  Apteres," 
3  Vols  Paris,  18.37-1  H44.  Halin  und  Koch,  "  Die  Arachniden,  getreu  nach 
der  Natur  abgebildet  und  beschneben."  Niirnberg,  1831-1849.  E.  Blanchaitl, 
"  Organisation  du  r^gne  animal.    Arachnides,"  Paris,  18G0. 
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In  the  Spiders  (Araneida)  the  abdomen  is  swollen  and  is  joined 
to  the  cephalo-thoi-ax  by  a  shoi't  stalk.  In  the  Sco^yionidce,  on  the 
contrary,  the  long  abdomen  is  joined  to  the  cephalo-thorax  by  its 
whole  breadth,  and  is  divided  into  a  broad  segmented  prse-abdomen 
and  a  narrow,  veiy  movable  post-abdomen,  which  is  also  seg- 
mented. In  the  Mites  I^Acarina)  the  abdomen  is  unsegmented  and 
fused  with  the  cephalo-thorax.  In  the  Pentastomida  the  entii'e 
body  is  elongated,  ringed  and  vermiform,  with  four  (two  pairs  of) 
hooks  in  place  of  the  appendages ;  these  animals  ai-e  known  as 
Linguatidida,  and  might  be  placed,  on  account  of  theii-  parasitism, 
amongst  the  intestinal  worms. 

The  marked  i-eduction  of  the  cephalic  region,  which  is  without 
true  antennae  and  possesses  only  two  pair  of  oral  appendages,  is 
chai^acteristic  of  the  Arachnida,  The  anteiior  pair  of  cephalic 
appendages  (chelicerfe),  which  are  used  as  jaws,  have  been  regarded 
as  modified  antennte ;  but  it  is  perhaps  more  natural  to  regard  them 
as  morphologically  equivalent  to  the  mandibles  of  Crustaceans  and 
Insects.  These  anterior  jaws  or  chelicerse  are  either  chelate,  in 
which  case  the  claw-Kke  terminal  joint  can  be  moved  against  a 
process  of  the  preceding  joint  (Scorpions,  many  Acarina),  or  sub- 
chelate,  when  the  last  joint  is  folded  down  upon  the  next  like  the 
blade  of  a  pocket-knife  upon  the  handle  (Spiders). 

The  chelicerse  may  also  have  the  form  of  stylets,  which  are 
enclosed  in  a  tube  formed  by  the  second  pair  of  jaws  (Mites).  The 
latter,  which  constitute  the  second  pair  of  appendages  of  the  head  or 
the  pedipalpi,  consist  of  a  stout  basal  joint  and  a  palp,  which  has  fre- 
quently the  form  and  segmentation  of  a  leg.  This  either  ends  with 
or  without  a  claw  or  with  a  chela  (Scorpions).  In  the  true  Spiders 
there  is  an  unpaired  plate,  the  lowei-  lip,  between  the  basal  joints  of 
the  two  pedipalpi  and  belonging  to  the  same  segment  as  the  latter. 
The  four  following  pairs  of  appendages  of  the  thorax  are  ambulatory 
legs.  The  first  of  them  is  sometimes  modified  in  form  and  elongated 
like  a  palp  ;  its  basal  joint  may  function  as  a  jaw.  The  legs  consist 
of  six  or  seven  joints,  which,  in  the  higher  forms,  have  been  called  by 
the  same  names  as  the  analogous  regions'  of  the  Insect  leg. 

The  internal  organization  of  the  Arachnida  shows  hardly  fewer 
differences  than  does  that  of  the  Crustacea.  The  nervous  system 
may  have  the  form  of  a  common  ganglionic  mass  around  the  oeso- 
phagus (Mites),  and  may  even  possess  only  a  simple  commissure 
above  the  oesophagus  {Pentastomida).  As  a  rule,  however,  there  is  a 
distmct  separation  between  brain  and  ventral  cord,  the  latter  showino- 
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very  different  grades  of  development.  Visceral  nei-ves  have  been 
shown  to  exist  in  the  Spiders  and  Scorpions.  The  sense  organs  ai-e, 
as  a  rule,  not  so  highly  developed  as  in  the  Crustacea,  and,  puttijjg  on 
one  side  the  tactile  function  of  the  extremities,  are  confined  to  eyes. 
.  The  eyes  are  simple  and  immovable,  and  never  possess  a  facetted 
cornea ;  they  are  from  two  to  twelve  in  number,  and  are  sym- 
metrically arranged  on  the  anterior  surface  of  the  cephalo-thoracic 
shield.  Auditory  organs  have  not  yet  been  discovered,  but  there 
are  tactile  and  olfactory  organs. 

The  alimentary  canal  runs  straight  from  the  mouth  to  the  hind 
end  of  the  body,  and  is  divided  into  a  narrow  oesophagus  and  a  wide 
intestine,  which  is,  as  a  rule,  provided  with  lateral  cfeca.  The  intes- 
tine is,  in  the  Spiders  and  Scorpions,  divided  into  an  anterior  dilated 
portion — the  so-called  stomach — and  the  rntestme  pi'oper.  The 
glandular  appendages  of  the  digestive  canal  are  salivary  glands ;  in 
Spiders  and  Scorpions,  a  liver,  composed  of  a  number  of  branched 
canals  ;  and,  with  a  few  exceptions,  Malpighian  tubes,  which  function 
as  urinary  organs  and  open  into  the  hind  end  of  the  intestine. 

The  organs  of  circulation  and  respiration  also  show  very  different 
degrees  of  development  and  are  onl}'  absent  in  the  lowest  Mites. 
The  heart  Hes  in  the  abdomen,  and  is  a  long,  many-chambered  doi-sal 
vessel  with  lateral  slits  through  which  the  blood  enters.  It  is  fre- 
quently continued  into  an  anteiior  and  posterior  aorta,  and  in 
Scoi'pions  gives  olf  in  addition  lateral  branching  arteries.  The  organs 
of  respiration  are  internal  air  chambers,  which  have  the  form  either 
of  ramified'  tubes  (trachece),  or  of  hollow  lamellae  {fan-trachea',  lungs) 
placed  upon  one  another  in  great  number  like  the  leaves  of  a  book 
and  connected  together  by  trabeculfe  so  as  to  have  the  form  of  a  sac. 
The  air  chambers  are  always  kept  open  by  a  firm  internal  chitinous 
membi'ane,  so  that  the  air  can  enter  by  the  paired  openings  {stig- 
mata) of  the  tracheae  or  lungs  at  the  beginning  of  the  abdomen, 
and  be  distributed  to  the  finest  ramifications.  The  chitinous  lining 
may  become  thickened  so  as  to  give  rise  to  a  spiral  fibre. 

Generative  organs. — With  the  exception  of  the  hermaphrodite 
Tardigrada,  all  the  Arachnida  are  of  separate  sexes.  The  males  are 
frequently  distingiiished  by  external  characteristics,  as  for  example 
by  theii-  smaller  size,  by  the  possession  of  organs  of  attachment 
(Mites),  or  by  the  modification  of  certain  appendages.  Their  genera- 
tive organs  consist  of  paired  testicular  tubes,  and  the  vasa  deferentia 
.  often  receive  the  contents  of  accessory  glands  before  opening  to  the 
exterior  by  a  single  or  double  aperture  at  the  base  (anterior  end)  of 
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the  abdomen.  Special  copulatory  organs  in  the  region  of  the  genital 
openings  ai-e,  as  a  rule,  wanting,  but  appendages  far  removed  from 
the  genital  openings  {e.g.,  pedipalpi  of  Spiders)  often  serve  to  transfer 
the  sperm  from  the  male  to  the  female.  The  female  sexual  organs 
ai-e  also  paired,  usiially  i-acemose  glands,  with  two  oviducts,  which 
usually  dilate  to  a  i-eceptaculum  seminis  befoi-e  their  single  or  double 
opening  at  the  beginning  of  the  abdomen.  They  are  also  connected 
with  accessory  glands.  Rai'ely  {Phalangium)  there  is  a  long  pro- 
trusible  ovipositoi-. 

Only  a  few  of  the  Arachnicla  are  vivipai-ous  (Scorpions  and  some 
Mites) ;  the  greater  number  lay  eggs,  which  they  sometimes  cairy 
about  with  them  in  sacs  till  the  young  are  hatched.  As  a  i-ule,  the 
just-hatched  young  have  the  foi-m  of  the  adult  ;  but  in  most  Mites 
two  or  more  rarely  four  legs  ai-e  wanting,  and  appear  only  with  the 
succeeding  moults.  The  development  of  the  Pygnogonida  Pentas- 
tomida  and  Hydrachnea  (water-mites)  (which  latter  pass  through  a 
pupa-like  inactive  stage)  consists  of  a  complicated  metamorphosis. 

Almost  all  Arachnida  Kve  on  animals,  a  few  on  vegetable  juices. 
The  lowest  forms  are  parasitic.  The  larger  and  more  highly  orga- 
nised foi-ms  prey  on  living  animals,  principally  on  Insects  and  Spiders, 
and  are  usually  fui-nished  with  poison  weapons,  with  which  they  kill 
their  prey.  Many  of  them,  by  means  of  the  seci-etion  of  spinning 
glands,  spin  webs,  in  which  theii-  prey  becomes  entangled.  Most  of 
them  remain  during  the  daytime  beneath  stones  and  in  hiding-places, 
and  come  out  to  catch  their  prey  only  in  the  evening  and  at  night. 

Order  1. — Linguatulida,*  Pjentastomida. 

Parasitic  Arachnida  xoith  ringed,  elongated,  vermiform  body,  toith 
two  pairs  of  hooks  in  the  neighbourhood  of  the  jatoless  mouth. 

The  vermiform  I'inged  body  of  these  parasites,  which  were  for  a 
long  time  taken  for  intestinal  worms,  is  to  be  reeurded  as  beinji- 
principally  formed  of  the  extremely  enlarged  and  elongated  abdomen, 
the  cephalo-thorax  being  much  reduced ;  an  interpretation  which  the 
form  of  the  body  of  the  Dermato2Mli  seems  to  support.  In  the 
adult,  jaws  are  completely  wanting,  but  there  are  four  curved  hooks 
(two  on  each  side  of  the  mouth,  fig.  377),  which  can  be  protruded 
from  pouches  in  the  skin  and  are  attached  to  special  chitinous  rods. 
These  may  correspond  to  the  terminal  claws  of  the  two  posterior 
pairs  of  legs,  since  the  two  paii-s  of  legs  of  the  larva,  which  are  to 

*  K.  Leuckart,  "Bau  und  Entwickelungsgcschichte  cler  Pentastoraiden." 
Leipzig  und  Heidelberg,  1860. 
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be  regarded  as  the 


Fig.  377. —  Fentantomum 
denticidatum.  Young 
form  of  P.  tcenioides. 
O,  Mouth;  Sf,  the 
four  hooks ;  D,  intes- 
tine ;  A,  anus. 


anterior  appendages,  are  lost  in  the  coui-se  of 
development.  The  nervous  system  is  confined 
to  a  simple  subcesophageal  nervous  mass,  witli 
oesophageal  ring  and  giving  off  numerons  ner- 
vous trunks.  Eyes  and  organs  of  respiration 
and  circulation  are  wanting.  The  alimentary 
tract  is  a  simple  canal  in  the  middle  of  the 
body,  which  opens  by  an  anus  at  the  posterior 
end.  Special  cutaneous  glands  are  present  in 
great  numbers  and  strongly  developed.  Male 
and  female  are  distinguished  by  considei-able 
differences  in  size  and  by  the  different  position 
of  the  genital  openings.  While  the  genital 
opening  of  the  surprisingly  small  male  lies  not 
far  behind  the  mouth,  that  of  the  female  is  situ- 
ated near  the  anus,  at  the  hinder  end  of  the  body. 

The  Linguatulida,  when  sexually  adult,  in- 
habit the  air  chambers  of  warm-blooded  animals 
and  Amphibia.  The  developmental  history  of 
Peiitastomum  tcenioides,  which  lives  in  the  nasal 
cavities  and  in  the  frontal  sinuses  of  dogs  and 
wolves,  is  known  from  the  researches  of  Leuck- 
art.  The  embryos  of  this  species,  while  still 
enveloped  in  the  egg-membi-anes,  pass  out  with 
the  nasal  mucus  on  to  plants,  and  thence  into 
the  stomach  of  Rabbits  and  Hai-es,  more  rarely 
into  that  of  Man.  When  freed  from  the  egg- 
membranes,  they  piei'ce  the  walls  of  the  in- 

d 


Fig  378.— Young  forms  of  Peiitatfomum  tcenioidea  (after  E.  Leuckart).  a.  Egg  with  embryo. 
b,  Embryo  with  two  pairs  of  hooked  feet,  Sf  and  Hf".  c,  Larva  from  liver  of  rabbit. 
&,  Ganglion ;  D,  iutestuie  ;  JM,  skin  glands,  d,  Older  \ax\a.  0,  mouth  ;  A,  anus ;  Gd, 
genital  glands. 
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testine  and  reach  the  liver.  There  they  surround  themselves  with 
a  cyst,  in  which  they  pass  through  a  series  of  changes  of  form,  ac- 
companied, as  in  insect  larvse,  by  repeated  ecdyses  (fig.  378).  When 
six  months  have  elapsed,  they  have  attained  a  considerable  size 
and  have  acquired  the  four  oral  hooks,  as  well  as  a  number  of  finely 
serrated  superficial  rings.  They  have  now  reached  the  stage  formei'ly 
described  as  P.  denticulatum  (fig.  377),  hi  which  they  break  through 
theii'  capsules  and  begin  a  fresh  migration.  They  traverse  the  liver, 
and  if  present  in  great  numbers,  occasion  the  death  of  their  host. 
In  other  cases,  on  the  other  hand,  they  soon  become  enveloped  in 


T  A 

P'^G.  379.— Ripe  male  of  Atax  Bonzi,  seen  from  the  dorsal  surface  (after  E.  Claparede).  Kt, 
Pedipalpus;  G,  brain;  Oc,  eyes;  T.  testis;  iV,  Y-shaped  gland;  D,  intestine;  a', 
anus ;  Sd,  cutaneous  glands. 

another  cyst.  If  they  now  pass  with  the  flesh  of  the  Hare  or 
Rabbit  into  the  buccal  cavity  of  the  Dog,  they  penetrate  into  the 
neighbouring  air-chambers,  and  in  two  or  three  months  become 
sexually  mature. 

Pentmtomum  tcenioides  Rud.,  80-85  mm.,  Male  only  18-20  mm.  long.  P. 
muUiemcttim  Harl.,  in  the  liver  of  Kaja  hajc.  P.  eomtrictum  v.  Sieb.  Encysted 
in  the  liver  of  negroes  in  Egypt. 

Order  2. — Acarina,*  Mites. 
Arachnida  with  stout  body.    The  abdomen  is  unsegmented  and 
*  0.  Fr.  Miillcr,  "  Hydrachnee,"  etc.,  1781.    A.  Duges,  "  Recherches  sur 
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fiised  with  the  thorax.  The  oral  ax>paratm  is  adax>ted  for  bithig  or 
piercing  and  suokimj,.    Re82nration,  as  a  rule,  by  means  of  tracheoi. 

The  body  of  the  Acarina  is  genei-ally  small  and  possesses  a 
stout  and  unsegmented  form.  The  head,  thorax,  and  abdomen  are 
fused  into  a  connnon  mass  (fig.  379).  The  form  of  the  oral 
apparatus  varies  exceedingly,  and  may  be  adapted  either  for  biting 
or  for  piercing  and  sucking.  The  cheliceriB  are  accordingly  some- 
times retractile  styles,  and  are  sometimes  furnished  with  claws  or 
chelae.  In  the  fii-st  case,  the  bases  of  the  pedipalpi  form  a  sheath 
which  surrounds  the  styliform  chelicerae  and  serves  as  a  suctorial 
rostrum,  while  the  peripheral  part  of  the  pedipalpus  or  palp  frequently 

projects  laterally,  and  ends 
with  a  claw  or  chela.  The 
structure  of  the  four  pairs  of 
legs  is  not  less  various,  in- 
asmuch as  they  may  serve  for 
crawling,  attachment,  mnning 
and  swimming.  They  usually 
end  with  two  claws,  sometimes 
in  parasitic  forms  with  stalked 
suctorial  discs. 

The  nervous  system  is  re- 
duced to  a  common  ganglionic 
mass  representing  the  brain 
and  ventral  cord.  Eyes  may 
be  absent  or  may  be  present, 
as  one  or  two  parrs  of  simple 
eyes. 

The  alimentary  canal  is 

frequently  provided  with  sali- 
vary glands,  and  gives  off  on 
either  side  a  number  of  blind  saccular  diverticula  which  may  be 
forked  (fig.  380). 

Heart  and  blood  vessels  are  invariably  absent,  but  respiratory 
organs  ai'e  frequently  pi-esent  in  the  form  of  trachew,  which  arise 

I'ordre  des  Acariens  en  general  et  les  families  des  Trombidios,  Hydi-achnes  on 
part,"  Ann.  des  Sr.  Xat.,  II.  Ser..  Tom.  I.  and  II.  H.  Nicolet.  Histoire 
naturclle  des  Acariens.  etc.  Oribatides."  Archircs  dii  turner  <Vhi.sf.  nut.. 
Tom  VII.  0.  Fiirstcnberg.  "Die  Kratzmilbcn  des  Menscben  und  der  Thiere," 
Leipzig,  1861.  Al.  Pagenstecher,  '•  Beitrage  zur  Anatomic  der  Milben,"  I.  and 
II  Leipzi"-,  18()0.18(il.  E.  Claparedo,  "  Studion  an  Acaridcn,"  ZritHchr.  fur 
wv<s.  ZooC,  Tom  XVI II.,  1868.  M6guin,  "  Lcs  parasites  et  Ics  maladies 
parasitaires,  1880. 


A 

Fig.  380 — Anatomy  of  Ixodes  Ricinm  (after  Al. 
Pagenstecher).  G,  Brain ;  SpD,  salivary  gland  ; 
Bg,  ducts  of  salivary  gland  ;  D,  diverticula  of 
intestine  ;  A,  anus ;  N,  urinary  organ ;  Tr, 
bundles  of  trachere  ;  St.  stigma. 
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in  tufts  from  a  pair  of  stigmata,  placed,  as  a  rule,  before  or  behind 
the  last  pair  of  legs  (fig.  380,  St). 

The  common  generative  opening  is  placed  as  a  rule  far  away  from 
the  anus,  and  may  be  situated  anteriorly  between  the  last  pair  of 
legs  (fig.  381,  a,  b).  There  may  be  a  special  copulatory  opening,  as  in 


a 


Fig.  381.— a,  Male;  b,  female  genital  organs  of  Argas  (after  Al.  Pagenstecher).  T,  Testes  ; 
Vd,  seminal  duct ;  Dr,  prostate  gland ;  Go,  genital  opening  ;  Of,  ovaries  ;  Od,  oviduct ; 
U,  uterus ;  Dr,  glandular  appendages. 

the;itch-mites  [S'arcoptidce),  through  which  the  sperm  passes  into  the 
receptaculum.    The  males  are  often  distinguished  not  only  by  their 

b 


Fig.  382.-Larva  of  a  Hydrachva.    h,  Its  pupa.   Kf,  chelicera;  Kt,  pedipalpus  ;  Oo,  eyes; 

■B,  legs. 

appendages,  which  are  mora  powerful  and  of  a  .slightly  different 
form,   but  also   by   the  possession   of   posterior   suctorial  pits 
and   .sometimes  also  by  the  manner  of  nourishment  and  mode 
of  life.    The  Acarina  are,  with  the  exception  of  the  viviparous 
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Orihatidci'.,  ovipai-ous.  The  young  are  usually  hatched  with  only 
three  jjairs  of  legs,  and  undergo  a  metamorijhosi.s,  which  in 
the  Ilydrachniclce  is  distinguished  by  several  larval  and  pupal 
stages  (fig.  382  a,  h).  Very  many  Mites  are  parasitic  on  animals 
and  plants,  others  are  pi-edacious  and  live  some  on  land  and  otkers 
in  watei-. 


Fam.  Dermatophili.  Small  elongated  mites  with  long  vermiform,  trans- 
versely ringcid  abdomen,  with  suctorial  proboscis,  styliform  jaws,  and  fom'  pairs 
of  short,  two-jointed  stump-like  feet.  The  only  known  genus,  JJemndex 
(Simonra),  lives  in  the  hair  follicles  of  domestic  animals  (Dog,  Cat,  Sheep, 
Cow,  Horse),  and  as  D.  folUcvlonim  Sim.  in  the  hair  follicle,s  of  Man,  where 
they  may  give  rise  to  comedones  (fig.  384). 

Fam.  Sarcoptidee.  Itch  mites.   Body  microscopic  in  size,  stout,  and  with  a  soft 
skin,  wdth  chitiuous  rods  for  the  support  of  the  appendages. 
There  are  no  eyes.    The  oral  apparatus  consists  of  a  suc- 
torial cone  with  chelate  chelicerse  and  short  laterally-placed 

pedi  palpi.  The  legs  are  short  and 
stump-shaped,  and  some  or  all  of 
them  have  stalked  suctorial  discs. 
The  males  often  have  suckers  and 
processes  at  the  posterior  end  of 
the  body.  The  females  have  a 
special  vulva  and  receptaculum 
seminis.  They  live  upon  or  in 
the  skin  of  Vertebrates,  and  occa- 
sion the  itch  and  mange.  Sav- 
coptcs  soahici  Dug.  (6g.  385),  itch 
mite.  With  numerous  pointed 
tubercles,  spines  and  hairs  on  the 
dorsal  surface.  Legs  five-jointed, 
the  two  anterior  terminate  with 
stalked  sucker  ;  the  last  pair  of 
legs  in  the  male  ends  not,  as  in 
the  female,  in  a  bristle,  but  in  a 
stalked  sucker  (fig.  385).  The 
females  only  bore  deep  passages 
in  the  epidermis,  at  the  end  of 
which  they  live,  and  produce  by 
their  pricking  the  skin  disease 
known  as  the  itch.  The  young, 
when  hatched,  possess  only  three  pairs  of  legs  and  undergo  several  moults. 
The  domestic  animals  are  infected  by  different  species  of  Sarcoj)tUlcc,  which 
may  be  temporarily  transferred  to  man.  Dermutodeetcs  comniwnis  Fiirst.  Sym- 
hiotes  equi  Girl.  (fig.  386). 

Fam.  Tyroglyphidae.  Cheese-mites.  Of  more  elongated  form,  with  conical 
proboscis,  chelate  cheliceras,  and  three-jointed  pedipalpi.  The  five-jointed  legs 
are  tolerably  long,  and  liave  lobes  for  attachment  and  claws.  Large  suckers, 
especially  in  the  male,  are  often  present  at  the  sides  of  the  anus.  They  live 
on  animal  and  vegetable  matters.     Tijroghjxihm  siro  Gerv.  mizuiilyphns 


Fig.  383.— Female  of  Fhyfoii- 
pus  vitit,  from  the  leaf  of 
the  vine  (after  H.  Lan- 
dois).  Ov,  Ovaries;  A, 
amis ;  Go,  genital  opening ; 

B",  third  and  fourth 
pair  of  legs. 


Fig.  384  —  Demodex 
follicuhrnm  (after 
Mdgnin),  strongly 
magnified ;  Kt, 
pedipalpus. 
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Rohini  Clap.,  on  roots.  Glijclpliagus  fecnlarwm,  Gu6r.,  on  potatoes.  Hijpojms 
Dug.,  according  to  Megnin  and  Eobin,  contains  larval  forms,  which  attach 
themselves  to  insects  by  their  suckers. 

Fam.  Ixodidae.  Ticks.  Larger  usually  blood-sucking  mites,  with  strong 
dorsal  shield  and  large,  protrusible  toothed  cheliceras.  The  pedipalpi  are  three- 
or  four-jointed  and  club-shaped;  their  bases  are  joined  together  to  form  a 

a  d 


c . 


Fig.  38S.- Sarcoptes  scabiei  (after  Gudden).   a,  Male  from  the  ventral  side,    b.  Female  from 
the  ventral  side,   c,  Female  from  the  dorsal  surface,  d,  Larva.    Kf,  Chelicerse  ■  JS'" 
third  pair  of  legs.  "  '  ' 

proboscis,  beaiing  recurved  hooks  (fig.  387).  The  slender  legs  end  with  two  claws. 
Two  simple  eyes  are  often  present.  Respiration  by  trachese.  The  Ticks  live  on 
the  underwood  in  forests.  The  females  crawl  on  to  Mammalia  and  Man,  suck 
blood,  and  become  much  swollen  out.  The  young,  when  hatched,  liave  'three 
pairs  of  legs.  In  trojncal  countries  the  Ticks  are  of  considerable  size,  and  are 
amongst  the  most  troublesome  parasites.    Lrodes  ricmn.s  L.    I.  rrdmius 
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Fio.  3B6.—S!/mbiotcs  cqui  -  Choriopfes  gpathi-  FiG.    387.— Oral   apjMiratus  of  Ixodet 

ferns,  from  ventral  side  (after  Megnln).  '     (after  AI.   Pagensteclier).   It,  Pro- 

o,  Male  ;  HG,  sucker  ;  h,  young  female  in  boscis ;  Kf,  chelicera  ;  Kt,  pedipalpus ; 

copulatory  stage  ;  c,  female  ready  to  lay.  B'  fli-st  pair  of  leg.s. 
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Deo;.,  Arga-s  rejleuits,  Latr.,  on  Pigeons,  occasionally  on  Man. 
Fisch.    Notorious  for  its  bite. 

Fam.  Gamasidae.  Beetle-mites.  Chelicerte  chelate.  Pedipalpi  five-jointed. 
The  legs  end  with  two  claws  and  a  sucker.  Trachete  are  present.  Some  of 
them  lead  a  fi-ee  life  and  are  predacious,  some  are  parasitic  on  Beetles  and  on 
the  skin  of  Birds  and  Mammals.  Ganiasvs  colvo2)tratorvm  L.,  BermanysmiH 
(ir'mm,  Dug..  PfcraptKs  vrsjjn'tilmris  Herm. 

Fam.  Hydrachnidae.  Water-mites.  Body  globular,  often  brightly-coloured. 
CheKcerje  usually  with  a  claw-like  terminal  joint.  They  have  swimming  legs, 
and  two  or  four  simple  eyes.  There  are  trachere.  The  larvte,  when  hatched, 
adhere  mth  theii-  large  suctorial  cone  to  aquatic  Insects,  on  the  blood  of  which 
they  live.  ITi/drachna  orimita,  0.  Fr.  Mlill.  Ataj-  Botizi  Clap.,  in  the  mantle 
cavity  of  the  TJmos.    Limnochares  7wlo.ser/ce7ix  'Lutr. 

Fam.  Trombidiidae  (fig.  388).  Body  brightly  coloured  and  covered  with 
hairs  ;  the  pedipalpus  has  a  claw  and  a  lobe-like  appendage.  Eyes  present. 
Respiration  by  tracheae.    The  hexapodous  young  live  as  parasites  on  Insecta 


Fig.  'iSd.—Pygnogonum  Uttorale, 
(regne  animal)  AB,  pair  of  legs 
used  for  carrying  the  eggs. 


Fio.    388. — Trombidium  lioloeeri- 
ceum  (after  Megnin). 


and  AracJinida,  sometimes  on  Mammalia,  and  on  Man,  in  whom  they  fasL^Dtvs 
a^itvmnalU-)  produce  a  transitory  aflEection  of  the  skin.    Trombidium  holose 
i^cnnti  L.    Ih-ythra-mimrictinus  Herm.    Tetranychm  teleanns  L.  Spinning 

Fam.  Oribatidae.    Chelicer^  retractile  and  chelate.    Pedipalpus  five-jointed 
with  toothed  bitmg  plate  on  its  basal  joint.    Ocelli  absent.    Orilatcs  ulatm 
Herm.,  under  moss. 

_  Fam.  Bdellidae  The  cephalic  region  is  elongated  to  form  a  proboscis,  and 
IS  distinct  from  the  rest  of  the  body.  The  chelicerce  are  chelate.  The  pediialni 
are  long  and  thin.    The  animals  creep  about  on  damp  ground.    Bdella  hmai 


PYGNOGONIDA.- 
Milne  Edwards  and  Kroyer  placed  the  Pyynogonida  amon^-  the 
Crustacea ;  latterly,  however,  they  have  been  generally  placed  between 

*  A.  Dohrn,    Die  Pantojjoden  des  GoLfcs  von  Npqnni  nnri 
Mecresabschnitte,"  Einc  Monographic,  Leiplig^  I88L  ™gi-enzenden 
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the  Mites  and  Spiders  amongst  the  Arachnida,  although  they  possess 
a  gi-eater  number  of  appendages  than  either,  inasmuch  as  the  males 
have  an  accessoiy  pair  of  legs,  used  in  carrying  the  eggs  (fig.  389,  A 
B).  They  ai-e  small  animals  witli  a  conical  suctorial  proboscis  and 
rudimentary  abdomen  (reduced  to  a  tubercle) ;  and  they  live  in  the 
sea,  and  crawl  slowly  about  amongst  the  sea-weeds.  Thei-e  are  four 
paii's  of  very  long,  many- jointed  legs,  which  contain  tubular  diver- 
ticula of  the  stomach  and  the  sexual  glands.  Ther-e  are  no  ti-acheaj. 
On-the  other  hand,  there  is  a  well-developed  heart  with  an  aorta 


Tig.  ^.—Ammothea  pygnogonokles  (regne  animal).    Ba,  prolongations  of  alimentary 

canal  into  the  legs. 

and  several  lateral  ostia.  Above  the  brain  lie  four  small  simple 
eyes.  There  is  a  considerable  ventral  chain,  composed  of  several 
ganglia.  The^eggs  are  carried  about  on  the  accessory  paii-  of  legs  on 
the  thorax:of;the  male  (fig.  389)  till  the  larvae  are  hatched. 

Pygnogomim  littoralr  0.  Fr.  Miiller.  North  Sea.  PlwxieUlUKum  Edw., 
Awmo.thm  Leach,  A.  2Jyffnof/07inides  Quatr.  (fig.  390). 

TARDIGRADA.* 
The  Tardigrada  constitute  a  second  gi-oup,  which  is  often  separated 
as  a  distinct  order.    They  are  small  mite-like  Arachnida,  and  may 
c  *Dnv(.rc  "M^moire  snr  les  Tardigrades."  Ann.  drs  Sc.  Xaf.,  IP  S6r.,  Tom. 
XTV  XVIT  XVm    C.  A.  S.  Schultze,  "  Macrobiotus  Hufelandn  etc.';Berol.m, 
a  A."  bCSchult/e,  "  Echhiiscus  Bellevmanni,"  Berolini,  1840.  Dujardm. 
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be  defined  as  hermaphrodite  Arachnida  luith  suctorial  mouth  parts, 
and  short  stumpy  legs,  loithout  heart  or  respiratory  organs. 

The  body  of  these  small,  slowly-ci'eeping  aquatic  animals  is  elon- 
gated and  vermiform,  and  prolonged  at  the  anterior  extremity  into 
a  suctorial  tube,  from  which  two  styliform  jaws  can  be  protruded. 
The  foiu'  paii-s  of  legs  are  short  tubercles  terminated  by  several 
claws  (fig.  391);  the  last  paii- is  placed  at  the  extreme  end  of  the 
body.    The  nervous  system  consists  of  four  ganglia  connected  by 
long  commissures.    The  first  of 
these  ganglia  corresponds  to  the 
brain  and  gives  ofi"  nerves  to  two 
simple  eyes  and  to  two  sensory 
papill£e.    Circulatory  and  respi- 
ratory organs  are  entirely  ab- 
sent.    The   alimentary  canal 
consists  of  a  muscular  pharynx 
and  a  stomach  beset  with  short 
caecal  diverticula.    The  ducts  of 
two  salivaiy  glands  of  consider- 
able size  open  into  the  suctorial 
proboscis  (fig.  391).    The  Tardi- 
grada   are   hermaphrodite,  and 
possess  a  pair  of  testes  and  an 
unpaired  ovarian  sac  which  open 
together  into  the  cloacal  termi- 
nation of  the  intestine.  They 
usually  lay  large  eggs   at  the 
time  of  moulting,  which  remain 
enclosed  in  the  old  cast-ofi"  skin 
till    the    young    animals  are 
hatched.      Development  takes 
place    without  metamorphosis. 
The  animals  live  in  moss  and 
algaj  in  the  guttei-s  of  roofs,  and 


Fig.  d9\.~Macrobiotut  Schiiltzei(g£te,rGv&&S), 
O,  Mouth  ;  Vm,  pharynx ;  Md,  stomach  \ 
Spd,  saUvary  glands ;  Ov,  ovary;  T,  testes  ; 
vesicula  seminalis. 


also  on  the  sea-beach,  and  it  is  specially  worthy  of  remark  that, 
hke  the  Botifera,  they  can,  by  the  addition  of  moisture,  be  called 
back  to  life  after  a  long  period  of  desiccation. 

Max.  8.  «chult/e.        '  Also  the  works  of  Kaufrnann,  Grecf¥  an.l 
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Order  3. — Araneida  *  (Spiders). 

Arachnicla  with  poison  glands  in  the  subchelate  chelicero'. ;  v-ith 
pediform  pediptdjn  and  stalked  unsegviented  abdomen.  They  have 
four  or  six  spinning  mammillce,  and  two  or  four  pulmonary  sacs. 

The  peculiai-  shape  of  tlie  true  spiders  is  due  to  the  swollen  and 
unaegmeuted  abdomen,  the  base  of  which  is  constricted  to  foi-m  the 
stalk  by  which  it  is  united  to  the  rest  of  the  body  (fig.  392).  The 
large  subchelate  chelicera3,  which  project  beyond  the  front  of  the 
head,  consist  of  a  powerful  basal  portion  grooved  on  the  inner  side, 
and  a  claw-shaped  terminal  joint  at  the  point  of  which  the  duct  of  a 
poison  gland  opens  (fig.  393).  At  the  moment  of  the  bite  the  secre- 
tion of  this  gland  flows  into  the  wound,  and  in  the 
case  of  small  animals  causes  an  almost  instanta- 
neous death.  The  pedipalpus  bears  on  its  broad 
coxal  joint,  which  constitutes  a  kind  of  biting- 
blade  (fig.  392  K\  a  many- 
jointed  palp,  the  terminal  re- 
gion of  which  is  peculiarh' 
modified  in  the  male  and  func- 
tions as  a  copulatorj^  oi'gan. 
The  movith  is  bounded  on  the 
under  side  by  an  unpaired 
plate,  forming  a  sort  of  lower 
lip.  The  four  pairs  of  usually 
long  legs,  whose  form  and  size 


vary  according  to  the  manner 
of  life,  end  with  two  toothed 


Fig.  393. — Poison  gland 
■  and  terminal  joint  of 
chelicera  of  MygaU 
(regne  animal).  K, 
claw ;  &d,  poison- 
gland  ;  B,  poison 
vesicle. 


Fig.  392. — JDi/sdera  ei-y- 
thrina  from  the  ventral 

side  (regne  animal).     ,  ,  .  ,  i,     i         / rm  \        j  i 

x/,ciie]icera;jri,pedi.  claws,  to  which  a  small  claw  {Tk)  and  several 
paipns;  x,basai.ioint  ^ccessorv  claws  mav  be  added  (fig.   394).  The 

(jaw)  of  pedipalpiis ;  i  j 

p,  lungs  stigma  of  abdomen  in  the  female  is  always  larger  and  more 
lungs;  sr.  posterior  g^Q^ig^  than  in  the  male;  at  the  base  (anterior 

stigma   leadmg  into  \  ^  . 

the  trncheffi ;  G,  geni-  part)  of  its  ventral  surface  is  placed  the  impau-ed 
ntgmamfniit:"''"'  ^^xtial  Opening,  at  the  sides  of  which  are  the  two 
slit-like  apertures  of  the  lung  sacs.  There  is  often 
a  second  pair  of  stigmata  behind  these  openings  leading  either  hito  the 

*  Besides  the  works  of  C.  A.  Walckenaer,  Treviranus,  C.  J.  Sundevall,  T. 
Thorell.  Merge,  Koch,  Duges,  Lebert,  etc..  compare,  E.  Claparede, Rccberches 
sur  revolution  des  Araignees,"  Geneve,  1862:  E.  Claparede.  "  Etudes  sur  la 
circulation  du  sang  chez  les  Arani^es  du  genre  Lycosc."  G(in6vc,  1863:  F. 
Plateau,  "  Recberches  sur  la  structure  do  I'appareil  digestif  et  sur  les  i)beno- 
m6nes  de  la  digestion  chez  les  Aran6es  dipneumones,"  Bruxelles,  1877. 
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posterior  lung  sacs  {Mygalidce)  or  into  a  system  of  tracheje  {Argyro- 
neta,  Dysdera).    The  anus  is  placed  ventrally  at  the  end  of  the 

abdomen,  and  is  surrounded 
by  four  or  six  wai-t-like  pro- 
tuberances (fig.  395,  Sjjw), 
the  spinning  or  arachnidial 
mammillaB,  from  which  the 
secretion  of  the  spinning- 
glands  passes  out.    In  front 


Fig.  394.— «,  Leg  of  the  fom-th  paii-  of  AmauroUus 
ferox.  Ca,  Calamistnim.  h.  End  of  foot  of  Philaus  ' 
chrysopg  with  two  claws  and  pencil  consisting  of 
spatulate  hairs  (S).  c,  End  of  foot  of  JEjnira 
diadema;  K,  web-claws;  Tk,  ambulatory  claw; 
Ql,  toothed  bristles  (accessory  claws)  (after  o! 
Hermann). 

of  these  protuberances  there  often  lies  a 
peculiar  structure  called  the  cribrellum, 
ivith  a  covering  of  very  fine  hairs  (fig. 
395,  Cr).  The  spinning^  glands  (fig.  396) 
are  tubes  of  various  shapes ;  they  open  by 
fine  pores  on  the  surface  of  the  spinning 
papillae,  and  secrete  a  viscid  material,  which 
in  the  air  hardens  to  a  fine  thread  and 
i.s  woven  by  the  aid  of  the  claws  on  the 
feet  into  the  well-known  spider's  web. 

Nervous  system  (fig.  367).— Besides  the 
brain,  with  the  nerves  to  the  eyes  and  che- 
licerse,  there  is  a  single,  usually  star-shaped 
ganglionic  mass  in  the  thorax,  from  which 
nerves  pass  to  the  pedipalpi  and  legs,  and 
also  to  the  abdomen.  Visceral  nerves  have 
also  been  observed  on  the  alimentary  canal. 
As  a  rule  there  are  eight,  or  more  rarely 
are  disposed  in  two  curved  lines  or  more 


Fig.  395. — Spinning  organ  of 
Ammirobms  ferox  (after  O. 
Hermann).  Cr,  Cribrelhim ; 
Spic,  spinning  mammillEe. 


Pio.  396.-Lungs  (P),  spinning 
glands  (Spil)  and  generative 
organs  (Vd)  of  a  male  Pholcus 
phalavgista  (rogne  animal). 
•R,  Rectiun  with  Malpighian 
vessels  opening  into  it. 

six  simple  eyes,  which 
in  a  quadrate  on  the 
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dorsal  surface  of  tlie  cephalic  region  behind  the  frontal  margin. 
Their  arrangement  is  very  regular,  ;ind  is  chai-acteristic  for  the 
different  genera  (tigs.  398  and  399). 


°0 


OO 
O  O 


O 

o 


Fio.  dd7.—Mi/ffale  from  the  ventral 
side,  part  of  the  skin  is  turned  aside 
(regne  animal).  X,  Chelicera  :  Bg, 
thoracic  ganglionic  mass;  P,  P', 


oooo 


O  O 
O  o 

oooo 

Fio.  399.  —  An-ange- 
ment  of  the  eyes  in 
different  spiders 
(after  Lebert).  a, 
JEpeira ;  h,  Tegenaria ; 
c,  Dolomeden  ;  d,  Sal- 
ticKS. 


Fig.  400. — Alimentary  canal 
of  Ml/gale  (regne  animal). 
G,  Cerebral  ganglion;  Ms, 
diverticula  of  stomach ; 
L,  hepatic  ducts  ;  A'',  Mal- 
pighian  vessels;  JR,  rec- 
tum. 


spinning  papillae. 


The  alimentary  canal  (fig.  400) 
lungs;  F,  lamella;  of  the  lungs;  begins  beneath  the  upper  Hp  with  an 

St,  8f,  stigmata;  Oo,  ovary;  Stc,       °  .  »  ,•, 

ascendmg  pharyngeal  portion  ot  the 
oesophagus,  into  which  a  saccular  pha- 
ryngeal gland  opens  (saHvary  gland). 
The  narrow  oesophagus,  before  passing 
into  the  midgut  or  intestine,  is  dilated 
to  form  a  suctorial  stomach,  which  is 
furnished  with  powerful  muscles  arising 
from  the  dorsal  part  of  the  cephalo- 
thorax.  The  midgut  is  divided  into 
an  anterior  part,  lying  within  the 
cephalo  thoracic  region  and  provided 
with  two  anterior  and  four  lateral  pairs 
of  cffica,  and  into  a  narrower  abdominal  small  intestine,  into  which  the 
ducts  of  the  branched  hepatic  tubes  pour  their  secretion.    The  latter 


Fig.  398. — Anterior  part  of  the  cepha- 
lo-thorax  of  Mygalc  with  the  eyes  (O) 
(regne  animal). 
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appears  to  have  a  digestive  function  similar  to  that  of  the  pancreatic 
secretion,  inasmuch  as  it  dissolves  albumens  and  transforms  amyloid 
substances  into  svigar.  The  short  rectum  receives  two  branched 
urinai-y  (Malpighian)  canals,  and  dilates  in  front  of  the  anal  opening 
to  the  form  of  a  vesicle  (fig.  400). 


Fig.  401.— Heart  and  vascular  trunks  of  iycom,  in 
lateral  and  dorsal  view  (after  Claparede).  P, 
Lung's  ;  C,  heart ;  Ao,  aorta  ;  O,  eyes. 


Fig.  402.— Sexual  organs  of  a 
Tegenaria  (Philoica)  domesHca, 
with  the  abdomen  in  outline 
(after  Bertkau).  T,  Testis  ;  Vd 
vas  deferens  ;  St.  stigrma. 


The  vascular  system  is  not  less  highly  developed  (fig.  401).  The 
blood  flows  from  the  pulsating  dorsal  vessel  placed  in  the  abdomen, 
through  an  anterior  aorta  into  the  ce- 
phalo-thorax,  and  thence  into  lateral  arte- 
ries, supplymg  the  legs,  jaws,  brain,  and 
eyes.  The  blood  returns  from  these 
organs  into  the  abdomen,  bathes  the  so- 
called  lungs,  which  are  composed  of 
numerous  flattened  tubes,  and  then  re- 
turns to  the  dorsal  vessel  through  three 
pairs  of  lateral  slits. 

The  ovaries  (fig.  397)  are  two  racemose 
glands  surrounded  by  the  liver ;  the  short 
oviducts  unite  to  foi-m  a  single  vagina, 
which  is  usually  connected  with  two  long- 
receptacula  seminis  and  opens  on  the 
ventral  surface  of  the  anterior  part  of  the 
abdomen  between  the  anterior  stigmata. 
The  testes  consist  of  two  long  coiled 
canals  with  a  common  terminal  duct,  which  likewise  opens  at  the 
base  of  the  abdomen  (fig.  402). 


Fio.  403.— Terminal  part  of  the 
pedipalpus  of  Segestriu  (  J )  with 
the  receptacle  of  the  spermato- 
phores  (after  Bertkau). 
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The  males  are  distinguished  from  the  females  by  the  smaller  size 
of  the  abdomen.  The  females  are  always  oviparous,  and  frequently 
carry  their  eggs  about  in  special  webs  {Theridium,  Lolomedes).  In 
the  male  the  pedipalpus  is  modified  to  form  a  copulatory  organ  ;  the 
thickened  and  excavated  terminal  joint  is  spoon-shaped,  and  possesses  a 
vesicular  copulatory  appendage  with  a  spii-ally-twisted  fibre  (fig,  403), 
Before  copulation  the  male  fills  this  appendage  with  sperm,  and  at 
the  moment  of  coitus  introduces  the  terminal  fibre  into  the  female 
genital  opening  (fig.  404).  Sometimes  the  two  sexes  live  peacefully 
near  each  other  on  neighbouring  webs,  or  even  for  a  time  on  the 
same  web ;  in  other  cases  the  female,  which  is  the  stronger  animal, 
lies  in  wait  for  the  male  in  the  same  way  as  she  does  for  all  animals 
weaker  than  herself,  and  does  not  spare  him  even  during  or  after 
copulation  ;  the  male,  therefore,  only  approaches  her  with  the  greatest 
caution. 

Development. 

— The  segmenta- 
tion of  the  ovum  is 
centi'olecithal  (fig. 
107).  The  em- 
bryos possess,  in 
addition  to  the 
thoracic  appen- 
dages, the  rudi- 
ments of  abdomi- 
nal feet,  which 
subsequentlyabort 
(fig.  405).  The  young,  when  hatched,  already  possess  the  form  and 
appendages  of  the  adult.  They  are  not,  however,  sufficiently  de- 
veloped before  the  first,  moult  to  spin  or  to  capture  prey.  It  is  only 
after  the  moult  that  they  become  capable  of  performing  these 
functions,  leave  the  web  of  the  egg  membranes,  and  begin  to  spin 
threads  and  to  capture  small  insects.  The  threads  which  we  find 
floating  in  the  air  in  great  numbers  in  autumn  and  are  known  as 
gossamer  threads  are  the  work  of  young  Spiders,  which  raise  them- 
selves in  the  air  by  their  means,  and  pass  the  winter  in  sheltered 
places. 

The  habits  of  spiders  are  so  remarkable  that  they  have  for  a  long 
time  excited  the  interest  of  observers.  All  spiders  are  predacious, 
and  suck  the  juices  of  other  insects ;  nevertheless,  the  manner  in 
which  they  get  possession  of  their  prey  varies  much,  and  often 


Fig.  404. — Male  and  female  of 
Linijphia,  during  copulation 
(after  O.  Herman). 


Fig.  405.— Spider  embryo  (after 
Balfom-).  ^F,  Rudiments  of 
abdominal  feet. 
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indicates  the  possession  of  highly-developed  instincts.  The  so-called 
vagTant  spidei's  do  not,  as  a  laile,  form  nets  to  catch  their  prey,  bnt 
use  the  seci-etion  of  the  spinning  glands  only  to  line  their  hiding- 
places  and  to  make  their  ovisacs.  They  catch  their  prey  either  by 
running  after  it  (fig.  406,  a),  or  by  springing  on  it  (fig.  406,  h). 
Other  Spidei's  (fig.  406,  c)  are  indeed  able  to  run  quickly,  but  they 
rendei-  the  task  of  catching  prey  easier  by  making  webs  and  nets,  on 
which  they  move  about  with  great  dexterity,  while  other  animals, 
especially  insects,  become  very  easily  entangled.  The  webs  them- 
selves are  of  various  kinds,  and  constructed  with  more  or  less  skill ; 


a 


Kg.  406. 


Salticm  scenicus 
? 


Thomiius  citretis 


Tegnewria  iomestica  ^ 

they  are  either  delicate  and  thin  and  formed  of  irregularly  arranged 
threads,  or  they  are  of  a  felt-like  quality  and  extended  horizontally ; 
or  again,  they  may  have  the  form  of  vertically  placed  wheel-shaped 
nets ;  in  this  case  they  consist  of  concentric  and  radial  threads,  which 
are  arranged  with  wonderful  regularity,  the  radial  threads  meeting 
in  a  central  point.  Tubular  or  funnel-shaped  hiding-places  for  the 
spider  are  often  found  near  the  webs.  Most  spiders  rest  in  the 
daytime,  and  go  out  for  prey  in  the  dusk  or  in  the  night-time. 
Many  vagrant  spiders,  however,  hunt  in  the  day-time,  even  when 
the  sun  is  shining. 


504 


AEACHNIDA.. 


1.  Tetrapneumones.    With  four  lungs  and  usually  with  four 
pinning  mammilla). 

Fani.  Mygalidae.  Large  spiders  thickly  covered  with  hairs,  with  four  lungs 
and  four  spinning  nmnimilla;,  of  which  two  are  very  small.  They  do  not 
construct  true  webs,  but  prepare  long  tubes  in  the  earth,  or  line  tlicir  hiding- 
places  (m  clefts  in  trees  or  in  holes  in  the  earth)  with  a  thick  web  ;  they  lie  in 
wait  for  their  prey  (at  the  entrance  of  their  homes),  or  they  may  catch  it  in  the 
open  by  springing.  The  claw  joints  of  the  chelicerjc  are  bent  downwards. 
Mygale  avinilarm  L.,  the  large  Bird  Spider  of  South  America,  lives  in  a  tubular 
web  between  stones  and  in  crevices  in  the  bark  of  trees.  Cteniza  cannentaria 
Latr.  The  trap-door  spider  in  South  Europe,  lives  in  tubular  holes  in  the 
earth,  the  entrance  to  which  is  closed  with  an  operculum,  as  with  a  sort  of 
trap-door.  Atyjms  Sulzeri  Latr.,  in  Central  Germany,  with  six  spinning 
mammillae. 

2.  Dipneumones.    With  two  lungs  and  six  spinning  mammilla;. 

Fam.  Saltigradae.  Springing  spiders  (fig.  406,  I)  with  a  large  arched 
cephalo-thorax  and  eight  eyes  of  unequal  size,  which  are  grouped  almost  in  a 
square.  The  anterior  legs  with  stout  femoral  joints  serve  with  the  following  legs 
for  making  the  leaps  by  which  these  animals  catch  their  prey.  They  do  not 
construct  webs,  but  spin  fine  saccular  structures  in  which  they  remain  at  night, 
and  later  on  keep  guard  over  their  egg-sacs.  Salticvs  cujn-cus,  formiearitut 
Koch.    Mi/nneoia  Latr.,  in  Brazil,  resemble  ants  in  form. 

Fam.  CitigradaB  =  Lycosid8e.  Wolf -spiders.  With  long  oval  cephalo-thorax, 
which  is  narrow  anteriorly,  but  is  strongly  arched.  There  are  eight  eyes,  which 
are  usually  arranged  in  three  transverse  rows.  They  ran  about  with  their  long 
strong  legs  in  pursuit  of  theii-  prey.  By  day  they  are  usually  concealed  beneath 
stones,  in  hiding-places,  which  they  line  with  their  webs.  The  females 
fi-equently  sit  on  their  egg-sacs,  or  carry  them  about  on  the  abdomen,  and 
usually  protect  the  young  for  some  time  after  they  are  hatched.  Bolomedes 
miraMlis  "Walk.  (fig.  406,  a).  Lijoosa  saccata  L.,  tarantvla  L.,  the  Tarantula 
Spider  of  Spain  and  Italy.  It  lives  in  holes  in  the  ground,  and  its  bite,  accord- 
ing to  the  erroneous  popular  belief,  occasions  the  dancing  madness. 

Fam.  Laterigrad8e  =  Thomisid8e.  Crab-spiders.  With  rounded  cephalo-thorax 
and  flattened  abdomen.  The  two  anterior  pairs  of  legs  are  longer  than  the 
following  legs.  They  only  spin  isolated  threads.  They  hunt  insects  beneath 
leaves  running  sideways  and  backwards.  3Iicrommata  smaragdina,  Fabr., 
Thomisn.t  citreux  Geoffr.  (fig.  406,  d). 

Fam.  TubitelsB.  Tube  spinners.  With  six  or  eight  eyes  arranged  in  two 
transverse  rows,  which  are  usually  curved.  The  two  middle  pairs  of  legs.are 
the  shortest,  the  hindermost  pair  often  the  longest.  They  spin  for  the  capture 
of  their  prey  horizontal  webs  with  tubes  in  which  they  lie  in  wait.  Te(jcnar  ')a 
domestlca  L.  (fig.  406,  c)  (Winkelspinne).  Others,  as  Ayelena  lahyrinthica 
L.,  construct  funnel-shaped  weljs  or,  as  ClvMona  holosericca  L..  saccular  recep- 
tacles. Argyroneta  aquatica  L.,  water  spiders,  with  longer  anterior  pair  of  legs. 
The  body  has  a  silveiy  appearance,  owing  to  the  numerous  aii'-bubbles  which 
adhere  to  the  hairs  with  which  it  is  covered.  It  spins  a  bcll-shaped  water- 
tight web,  which  it  fills  Avith  air  like  a  diving-bell  and  attaches  to  water- 
plants. 

Fam.  Insequitelae.  Web  spinners.  With  eight  unequally  large  eyes  arranged 
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in  two  transverse  rows,  and  long  anterior  legs.  They  construct  irregular  webs, 
the  threads  of  which  cross  one  another  in  all  directions,  and  live  on  their 
webs.    TherUlhim  shijijlmm  Clerck.,  Phulcns  jjlialawiioidcs  Walck. 

Fam.  Orbitelae.  Wheel  spinners.  Head  and  thorax  separated  by  a  furrow  ; 
abdomen  swollen  to  a  globular  foi"m.  The  eight  eyes  are  arranged  rather 
irregularly  in  two  rows,  and  the  anterior  legs  are  longer  than  the  following  legs. 
The  legs  of  the  third  pair  are  the  shortest.  They  spin  perpendicularly  hanging 
wheel-shaped  webs  with  concentric  and  radial  threads,  and  lie  in  wait  in  the 
middle  point  or  in  a  remote  hiding-place,  which  they  surround  with  a  web. 
Epclva  diadema  L.,  cross  spiders. 


Fig.  407. — Phalang'mm  opilio  $  (cornnfiim)  (regne  animal). 


Fig.  408.-Male  and  female  generative  organs  of  Phalangium  opilio  (after  Krohn).  T, 
Xestis;  l^fi,  vasarteferentia;  P,  penis  with  accessory  glands;  JJ.  retractor  muscles  ;  Ov, 
ovary  ;  Xl,  uterus  ;  Op,  ovipositor. 

Order  4. — Phalangiida.  * 
Arachnida  loithfour  2Kdrs  of  long,  slender  legs,  with  chelate  chelicerce 
and  segmented  abdomen  joined  by  its  lohole  breadth  to  the  cephalo-thorax. 
They  have  no  S2nnning  glands,  and  breathe  by  trachece. 

hM  ^tlr  XvT^^f  ^i"^  ^I'"^''^^  °*  PhalangiidjB,"  Ann.  of  nat. 

ktst.  2  Ser  XV  1845  A.  Tulk,  "  Upon  the  anatomy  of  Phalan<^ium  opilio  " 
Ann.ofnat.  /mf..  XII..  A.  Krohn,  "  Zur  naheren  Kenntniss  dei-manSen 
Zeugungsorgane  von  Phalangiiim,"  ArcMv  fiir  .^^atnrqe.^ch  1865  "'''"""^^^^ 
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The  Phalcmfjiida  (fig.  407)  resemble  the  true  spiders  in  their 
general  appearance,  but  differ  from  them  by  possessing  chelate 
chelicer*  which  are  bent  doAvnwards,  by  the  form  of  the  abdomen, 
the  tracheal  respiration,  and  the  absence  of  spinning  glands.  The 
Pedipalpi  are  either  filiform  or  pediform,  and  are  armed  with  claws. 
The  abdomen  consists,  as  a  rule,  of  six  or  more  rarely  eight  or  nine 
segments,  and  is  joined  to  the  cephalo-thorax  by  its  whole  breadth. 

The  nervous  system  is  divided  into  a  brain  and  a  thoracic 
ganglionic  mass,  whence  arise  two  visceral  nerves  which  form 
ganglia  in  their  course  on  either  side.  Thei-e  are  two  or  four 
simple  eyes.  The  organs  of  respiration,  which  in  all  cases  consist 
of  tracheae  branching  within  the  body,  open  by  a  single  pair  of 
stigmata,  usually  beneath  the  coxa  of  the  last  pair  of  legs.  The 
heart  consists  of  a  long  dorsal  vessel  divided  into  three  chambers. 
The  stomach  is  provided  Avith  a  number  of  caeca,  of  which  the  last 
extend  as  far  as  the  anus.  The  male  as  well  as  the  female  genital 
opening  lies  between  the  posterior  pair  of  legs.  In  the  male  a  long 
tubulai-  copulatory  organ,  and  in  the  female  a  long  ovipositor  can  be 
protruded  from  the  opening  (fig.  408).  The  production  of  ova  as 
well  of  spermatozoa  in  the  testis,  as  was  observed  by  Krohn  and 
Treviranus  in  almost  all  males,  is  remai-kable. 

The  PhalangiidcB  usually  conceal  themselves  during  the  day  and  go 
out  at  night  to  capture  pi'ey.  The  South  American  species  are  very 
numerous,  and  of  very  strange  form. 

Fam.  Phalangiidae.  With  characters  of  the  order.  Phalangium  o/jilio  L. 
(fig.  407).  Go/ij/lejjtuf:  horridvs  Kirb.  To  this  group  also  belongs  Cyjjliojjh- 
thalvms  duricorius  Jos.,  and  the  genus  Gibueellum  Steck. 

Orde7-  5. — Pedipalpi  *  (Scorpion-Spiders). 

Arachnida  of  considerable  size  ;  jaws  2^'>'0vided  with  claws,  and  tlie 
anterior  pair  of  the  legs  elongated,  resembling  antennce.  The  abdomen 
has  eleven  or  tioelve  segments,  and  is  clearly  marked  off  from  the  rest 
of  the  body. 

The  Scoi'pion-spiders  (fig.  409)  are  allied  both  to  the  Spiders  and 
the  Scorpions.  The  abdomen,  which  is  always  separated  from  the 
cephalo-thorax  by  a  constricted  portion,  is  divided  into  a  considerable 
number  of  segments,  but  presents  no  distinction  into  a  broad  pra?- 
abdomen  and  a  thin  styliform  post-abdomen  as  in  the  Scorpions. 

*  H.  Lucas,  "  Essai  sur  une  monogi-aphie  du  genre  Thelyphonus,"  Magax. 
do  Zool.,  1835.  J.  V.  d.  Hoeveii,  "  Bijdrageu  tot  de  kennis  van  het  geslacht 
Phrynus,"  Tijdschr.  voor  nat.  Gexchicd.  IX.,  1842. 
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In  the  genus  Tlielyplionus,  however,  which  is  most  closely  allied  to 
the  Scorpions,  the  three  last  segments  of  the  abdomen  are  narrowed 
to  the  form  of  a  short  tube,  the  end  of  which  is  prolonged  into  a 
long-jointed  appendage.  The  chelicerJB  ai'e  always  provided  Avith 
claws,  and  probably,  as  in  the  spiders,  contain  a  poison  gland,  since 
the  bite  of  these  animals  is  much  feared.  The  Pedipalpi,  on  the  other 
hand,  are  sometimes  of  considerable  strength  and  aimed  with  a  claw 
and  several  spines  [Phrynus).  Sometimes  (Thelyplwnus)  they  are, 
as  in  the  Scorpions,  chelate.  The  legs  of  the  anterior  pair  are 
always  very  long  and  thin,  and  end  with  a  flagellifoi-m  ringed 
portion.    There  are  eight  eyes,  of  which  the  two  largest  are  placed 


Fig.  409.— Phrynns  veniformis  (regne  animal).   Xt,  Pedipalpi ;  Gh,  flagellifoim  anterior  leg. 


in  the  middle  of  the  cephalo-thoracic  shield,  while  the  three  smaller 
pairs  are  situated  on  each  side  behind  the  frontal  margin.  They 
breathe  by  means  of  four  lung  sacs,  composed  of  a  very  large 
number  of  lamellar  tubes.  The  slit-like  openings  of  the  lung  sacs 
lie  on  either  side  of  the  posterior  margin  of  the  second  and  third 
abdominal  segments.  In  the  structure  of  the  alimentary  canal  they 
resemble  the  Scorpions,  in  that  of  the  nervous  system  the  Spiders. 
The  genus  Phrynus  is  viviparous.  All  the  Pedipalpi  live  in  the 
tropics  of  the  Old  and  New  World. 

Fam.  Phrynidae.  With  the  characters  of  the  order.  Plirynvs  OMy.  The  large 
broad  pedipalpi  are  armed  with  a  luimber  of  spines  and  end  with  a  claw  The 
masticating  blades  are  free.    The  abdomen  is  flat  and  relatively  short  and  has 
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eleven  segments  and  no  jointed  anal  filament.  Ph.  rrmformis  Latr,,  in  Brazil 
T/u-Ii/phoms  Latr.  The  clieiiccriE  are  sliort  and  end  in  a  ckela,  their  masti- 
cating blades  fuse  in  the  middle  line.  The  elongated  twelve-ringed  abdomen 
with  segmented  anal  filament.    T.  cavdatvx  Fabr.,  in  Java. 


Order  6. — Scorpionidea*  (Scorpions). 

Arachnida  with  chelate  chelicerce,  and  elongated,  j)^d%form  chelate 
'ped%2xdin,  with  a  incB-ahdomm  composed  of  seven  segments,  and  an 
elongated  2)ost-ahdomen  of  six  segments,  with  poison  sjnne  at  the  hind 
e,nd  ;  loith  four  2)airs  of  lungs. 

The  Scorpion.s  have  a  cer- 
tain resemblance  to  the  De- 
ca2)od  Crustacea  in  their 
powerful  chelate  pedipalpi  and 
firm  armour  (fig.  410).  The 
.stout  cephalo-thorax  is  joined 
to  an  elongated  abdomen, 
which  is  di\dded  into  a  cylin- 
drical prae-abdomen,  composed 
of  seven  segments,  and  a  very 
narrow  six-.segmented  post- 
abdomen,  which  is  curved 
dorsalwards.  The  po.st-abdo- 
men  ends  with  a  curved  poison 
spine,  which  is  provided  with 
two  poison  glands.  The  cheU- 
cerje  are  three-jointed  and 
chelate;  the  pedipalpi  end 
with  a  swollen  terminal 
chela,  while  the  basal  joint 
sei'ves  ^^^^th  its  broad  gi-indiug 
surface  as  a  jaw.  The  four 
pairs  of  legs  are  strongly  de- 
veloped and  end  yvith.  double 
claws. 

In  their  iaternal  oi-ganization  the  Scorpions  reach  the  highe.st 

*  P.  Gervais,  "  Kemavques  sur  la  famillc  des  Scorpions  et  description  de 
plusieurs  esp6ces  nouvoUcs,  etc."  ArcJi.  dn  mvitcc  d'kixt.  naf.,  IV.  Newport, 
"  On  the  structure,  relations,  and  development  of  the  nervous  and  circulatory- 
Systems  in  Myriapoda  and  macrourous  Arachnida."  Phil.  Trann.  184.S. 
L.  Dufour,  "  Histoire  anatomique  et  phj^siologique  des  Scorpions,"  ^f6v^.  pres 
a  Vacad.  des  sciences,  XIV.,  1856.  E.  Metechnikoff,  "  Embryologic  des  Scor- 
pions," Zeits^clir  fii/r  tmss.,  ZooL,  1870. 


Fig.  410. — Cephalo-thorax  and.  prse-abdomen  of 
Scorpio  afneanus  (regne  animal).  Kf,  Cheli- 
certe ;  Kt,  pedipaljsi ;  K,  pectines ;  St, 
stigmata. 


SCOEPIONIDEA. 


509 


grade  of  all  the  Arachnida.  The  nervous  system  is  composed  of  a 
bUobed  braia,  a  large  oval  ganglionic  mass  in  the  thorax,  and  seven 
to  eight  smaller  ganglionic  swellings  in  the  abdomen,  of  which  the 
last  four  belong  to  the  post-abdomen.  The  visceral  nervous  system 
is  i-epresented  by  a  small  ganglion,  which  is  placed  at  the  beginning 
of  the  cesophagus,  connected  with  the  bi-ain  by  fibres  and  gives  oif 
nei'ves  to  the  alimentary  canal.  The  principal  oi-gans  of  sense  are 
the  simple  eyes.  Of  these  there  are  from  three  to  six  pairs,  which 
are  so  distributed  that  the  largest  pair  is  situated  on  the  middle  of 
the  cephalo-thorax,  and  the  others  right  and  left  at  the  sides  of  the 
frontal  region. 

The  alimentary  canal  is  a  narrow  straight  tube,  which  is  sur- 
rounded in  the  prse-abdomen  by  the  large  multilobed  liver,  and  opens 
on  the  penultimate  ling  of  the  ab- 
domen. Two  Malpighian  vessels 
function  as  excretory  organs. 

The  circulation  is  the  most  com- 
phcated  in  the  whole  class,  but,  as 
in  the  Decapoda,  special  blood  si- 
nuses of  the  body  cavity  are  inserted 
into  the  vascular  system.  The 
elongated  dorsal-vessel,  which  is 
divided  into  eight  chambers  and 
is  attached  by  alary  muscles,  is 
surrounded  by  a  pericardial  sinus, 
from  which  it  receives  the  blood 
through  eight  pairs  of  slit-like  open- 
ings, which  are  capable  of  being 
closed.  From  the  heart  the  blood 
is  diiven  through  an  anterior  and  posterior  artery,  and  through 
lateral  arteries  to  the  organs.  The  finer  ends  of  the  arteries  seem 
to  be  connected  with  the  commencing  veins  by  capillaries.  From 
the  veins  the  blood  is  collected  in  a  receptacle  on  the  ventral 
surface.  Thence  the  blood  passes  to  the  respiratory  organs,  whence 
it  passes  by  special  veins  into  the  pericardial  sinus,  and  so  back  to 
the  heart.  Respiration  is  effected  by  means  of  four  pairs  of  lung 
sacs,  which  open  to  the  exteiior  by  four  pairs  of  stigmata  on  the 
thn-d  to  the  sixth  abdominal  segments  and  are  composed  of  a  rela- 
tively small  number  of  flat  tubes. 

The  male  and  female  generative  organs  open  on  the  ventral  face 
of  the  first  abdominal  segment  [the  meclia,n  opening  being  covered 


Fig.  411.— Embryo  of  a  Scorpion  (after 
B.  Metschnikoff).  Kf,  Chelicer^ ;  JO, 
pedipalpi  ;  JS'  to  ,  the  four  pairs  of 
thoracic  legs.  There  are  rudimentary 
limbs  on  the  abdomen. 
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by  a  small  valve-like  flap,  the  genital  operculum] ;  on  the  second 
abdominal  segment  are  attached  two  peculiar  comb-shaped  structures, 
known  as  pectines.  The  latter  are  probably  the  remains  of  the  appen- 
dages of  the  segment,  and  serve  as  tactOe  organs.  The  males  are 
distinguished  from  the  females  by  their  broader  chelje  and  longer 
post-abdomen. 

The  females  are  viviparous.  The  development  of  the  ovum  takes 
place  in  the  ovary,  and  the  embryos  have  the  rudiments  of  appendages 
on  the  prse-abdomen  (fig.  411). 

The  Scorpions  live  in  warm  couniries,  and  leave  their  hiding-places 
at  dusk.  When  they  run,  the  post-abdomen  is  bent  upwards  over 
the  back.  They  seize  theii-  prey,  i.e.,  principally  spiders  and  large 
insects,  with  their  large  chelate  pedi^jalps,  and  sting  them  to  death 
with  their  caudal  poison-spine.  Some  species  attain  a  veiy  consider- 
able size,  and  their  sting  may  even  prove  fatal  to  man. 

Fam.  Scorpionidse.  Smrjno  em'02)fsvs  Schr., 
of  small  size  and  with  only  six  eyes,  iu  Italy. 
Androctonm  ocoitanva  Am.,  Bnthus  afer  L. 

Order  7. — Pseudoscorpionidea.* 

Arachnida  of  small  size  and  resembling 
scorjnons,  but  without  caudal  sjyine  or 
jooison  gland.  They  breathe  by  means  of 
trachece. 

.     ,         .J  The  Pseudoscorpions are  far  smaller  and 

Fig,  412. — Obisiwn  rrombidioiaes  ^ 

(regne  animal).  Kt,  Pedi-  more  simply  organised  than  the  scorpions, 
^^^P*^^'  They  bear  much  the  same  relation  to  the 

true  scorpions  that  the  mites  do  to  the  spiders.  In  their  form  and 
the  structure  of  their  chelicerje  and  chelate  pedipalpi  they  resemble 
the  scorpions.  On  the  other  hand,  the  hind  end  of  the  segmented 
abdomen  does  not  become  narrow  so  as  to  form  a  post-abdomen, 
and  is  without  a  caudal  spine  and  poison  gland  (fig.  412).  They 
all  possess  spinning  glands,  the  openings  of  which  lie  near  the 
genital  openings  on  the  second  abdominal  ring.  They  possess  only 
two  01-  four  ocelli,  and  respire  by  means  of  tracheae,  which  open  by 
two  pairs  of  stigmata  on  the  two  first  abdominal  rings.  They  live 
beneath  the  bark  of  ti^ees,  in  moss,  between  the  leaves  of  old  books, 

*  W.  E.  Leach,  "  On  the  characters  of  Scorpionidea  with  description  of  the 


Nurnberg,  187:?. 
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etc. ;  they  run  rapidly  laterally  and  backwards,  and  live  on  mites 
and  small  insects. 

Fam.  Chernetidae.  Chel'tfer  cancroides  L.  Book-scorpion  with  two  eyes. 
Ohmum  isclinoaccles  Herm,,  -svith  four  eyes.  Clifhonins  troviMclioides  Latr. 
(fig.  412). 

Order  8. — Solifug^.* 

Simler-lihe  animals  loith  se2Xirated  head  and  thorax,  with  elongated, 
segmented  abdomen;  suh-chelate  chelicero}  and  2^Qdiform,  pedijialpi. 
Respiration  is  effected  hy  means  of  trachece. 

The  Solifugce  ap- 
proach insects  in  the 
segmentation  of  the 
body.  The  cephalo -tho- 
rax is  divided  into  two 
regions  of  which  the  an- 
terior is  comparable  to 
the  insect  head,  the  pos- 
terior (composed  of  thi-ee 
segments)  to  the  insect 
thorax.  The  long  cylin- 
drical abdominal  region, 
which  is  composed  of 
nine  to  ten  segments,  is 
quite  distinct  (fig.  413). 
The  body  is  closely 
covered  with  hairs.  The 
oiul  aj)paratus  consists 
of  powerful  chelicerfe, 
which  end  in  a  large 
veitically  placed  chela, 
the  lower  arm  of  which  can  be  moved  perpendicularly  against 
the  upper.  The  pedipalpi  serve  as  ambulatory  legs,  but  are  with- 
out claws,  which  are  found  only  on  the  three  posterior  pairs 
of  legs.  The  latter  arise  from  the  three  free  thoracic  rings,  and 
bear  pecuKar  cutaneous  lamella?  at  their  base.  The  anterior 
pair  of  legs  belongs  to  the  head  and  may  be  considered  as  a 
second  pair  of  pedipalpi  (maxillary  palps).  The  Solifugm  pos- 
sess two  large  projecting  simple  eyes,  and  respire  like  insects  by 

*  L  Dufour,  "  Anatomie,  physiologic  et  histoire  naturelle  des  Galeodes  " 
Comptesrendus  d  I  acad.  dc,scienecs,-X^Yl.,m,S.  Th.  Hutton,  "  ObservSs 
Xnll'lsS         ^  ^'-^^ge  «P^«ie«  of  Galeodes,"  Ann.  and  Mag.  o/  Tt  mZ 


Fig.  413.—  Qaleoden  oraneoides  (regne  animal). 
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means  of  tnieheoe,  which  open  to  the  exterior  by  foui-  slit-like 
openings  between  the  first  and  second  pair  of  thoracic  appendages 
and  on  the  ventral  surface  of  the  abdomen.  They  live  in  warm, 
sandy  localities,  especially  of  the  Old  World.  They  are  nocturnal 
in  their  habits,  and  are  feared  on  account  of  their  bite. 

Fam.  Solpugidae.  Snlptuja  QGalcodrs)  arancoidcs  Pall.,  found  on  the  steppes 
of  the  A^olga  and  in  ISouth  Russia.  Other  larger  species  are  found  in  Africa,  and 
some  forms  are  known  in  America. 

Class  III.—ONYCHOPHORA  *  (PROTOTRACHEATA). 

Tracheata  with  elongated  vermiform  body,  two  antennce,  and  short 
paired  imperfectly-jointed  legs  armed  with  claws. 


Fig.  414. — Peripatus  capemU  (after  Moseley). 


The  Onychophora,  which  are  represented  by  the  single  genus 
Peripatus,  have  a  moderately  elongated  body,  which  is  provided  mth 
paired  legs  (from  fourteen  to  more  than  thirty  pau-s),  each  armed 
with  two  small  claws  (fig.  414).    The  head  is  distinct,  and  bears  a 

pair  of  antennfe  and  two  simple 
eyes.  On  its  under  surface  the 
mouth  is  placed  beneath  a  large 
projecting  suctorial  lip,  and  is  fur- 
nished -ttdth  a  pail*  of  jaws  armed 
with  chitinous  claws.  On  each  side 
of  the  mouth  short,  indistinctly 
jointed  oral  papillae  are  attached  to 
the  sides  of  the  head.  The  nervous 
system  is  distinguished  by  the  re- 
markable separation  of  its  two 
halves.  The  paired  cerebral  g-anglion 
gives  off  two  nerve  trunks,  which  indeed  approach  each  other  closely 

*  E.  Grube,  "  Ueber  den  Ban  des  Peripatus  Edwardsii."  Jliiller'x  Archiv.. 
1853.  Moseley,  "  On  the  Structure  and  Development  of  Peripatus  capensis." 
Phil.  Tram.,  1875.  [F.  M.  Balfour,  "  On  the  Structure  and  Develoi)ment  of  Peri- 
patus Capensis,"  Quart.  Jovrn.  of  Mic.  Science,  1888.] 


Fig.  415. — Head  of  a  Peripatus  embryo 
(after  Moseley).  An,  Antennfe;  K. 
jaws,  anterior  to  which  are  the  ecto- 
derm thickenings,  which  will  form  the 
brain. 
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beneath  the  oesophagus,  but,  soon  diverging,  remain  widely  separate 
for  the  rest  of  their  course.    They  are  without  ganglionic  swellings ; 
are  connected  together  in  their  whole  length  by  fine  transverse 
commissures,  and  finally  unite  with  each  other  over  the  rectum  at 
the  end  of  the  body  (fig.  416).    The  alimentary  canal  begins  with 
a  muscular  pharynx,  and  runs  in  a  straight  course.    The  anus  is 
terminal.    A  dorsal  longitudinal  vessel  probably  functions  as  heart. 
[A  pan-  of   elongated  unbranched  glandvdar  tubes,  the  salivary 
glands,  open  into  the  buccal 
cavity,]  Moseley  discovered 
a  well-developed  tracheal 
system,   the  stigmata  of 
which  are  distributed  ovei- 
the  whole  surface  of  the 
body.    The  tracheal  trunks 
are  delicate   tubes,  which 
are   distributed  upon  the 
viscera  in  fine  tufts.  Long 
slime    glands  (considered 
as  testes  by  Grube)  open 
on  the  oral  papillae ;  they 
produce   an  exceedingly 
sticky  fluid,  which  the  ani- 
mal ejects  when  irritated. 
The  Onycliophora  are,  ac- 
cording   to    Moseley,  of 
separate  sexes.    The  ova- 
ries are  united  to  form 
one  structure  placed  in  the 
middle  line  on  the  dorsal 
side  of  the  intestine,  near 
the  hind  end  of  the  body. 
There  are  two  long  ovi- 
ducts, which   function  as 
uterus   and    open    by  a 
common  aperture  on  the 

ventral  surface  close  to  the  hind  end  of  the  body  (fig  416)  The 
testes  are  paix-ed  and  egg-shaped,  and  lie  towards  the  hind  end 
of  the  body.    The  vasa  deferentia  are  coiled  and  unite  to  for 
common  duct  which  opens  at  the  same  place  as  do  the  female 
(fig  417).    The  eggs  develop  in  the  uterus. 


t      --^^^tomy  of  a  female  Teripatm  (after 
Moseley).    -P,  Antenna;  G,  brain  with  the 
ventral  nei-ve  cords  (J'c);  Ph,  pharynx  -  D 
intestine;  A,  anus;    8d,  slime  Rland-'o«' 
ovaries  ;  Od,  oviduct ;  V,  uterus 


■m  a 
organs 
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[Segmental  organs  or  nephridia,  resembling  those  of  Annelids, 
are  found  one  pair  in  each  segment.  They  open  externally  at  the 
base  of  the  legs  and  internally  into  the  body  cavity.  The  body  cavity 
is  divided  into  four  parts  by  three  septa — (1)  into  a  dorsal  section 
containing  the  dorsal  vessel,  (2)  a  main  central  division  containing 
the  alimentary  canal,  slime  glands  and  generative  oi-gans ;  and  (3) 
two  lateral  compartments,  wliich  are  continued  into  the  legs  and  con- 
tain the  salivary  glands,  segmental  organs  and  ventral  nerve  cords.] 
The  animals  live  in  damp  places  beneath  decaying  wood,  [They 

are   viviparous;  in  Peripatus  Ca- 
pensis  the  period  of  gestation  is 
'Prf  Jill  1?  eleven  or  twelve  months,  the  young 

being  born  in  April  and  May.] 

Fam.  Peripatidae.    Peripatus  Edward- 
sii  Blanch.,  P.  cajjemis  Gr. 

ff 

Class  IV.— MYRIAPODA.* 

Tracheata  with  separated  head 
and  numerous  fairly  similar  seg- 
ments. They  have  one  pair  of  an- 
tenwe,  three  pairs  of  jaws,  and 
numerous  pairs  of  legs. 

The  Myaiapoda  of  all  the  Arthro- 
2}oda  present  the  greatest  resem- 
blance to  the  Annelids,  in  the  serial 
similarity  of  the  segments,  in  the 
possession  of  an  elongated,  some- 
times cylindrical,  sometimes  flat- 
tened body,  and  in  the  mode  of 
locomotion.  In  fact,  they  bear 
much  the  same  relation  to  the  An- 
nelids that  the  Snakes  do  to  the 
vermiform  fishes  amongst  the  Yertebrata. 

*  J  F  Brandt,  "Recueil  des  memoires  relatifs  a  I'ordre  des  Insectcs  Myria- 
nnclps""  St  Petersbourg,  1841.  G.  Newport.  "  On  the  organs  of  reproduction 
Kd  the  de;eloiSent  of' the  Myriapoda,^  Phil.  Tram.,  1841.  Koch  "  System 
der  Myriapoden,  Regensburg,  1847.    M.  Fabre  ;  j"^  Z  r 

organs  reproducteiu'S  ct  sur  developpment  des  Myriapodes    Ann.dr.j.  kc.  .\at 
?V  Ser.,  Tom.  III.    Fr.  Meinert,  "  Danmarks  Clnlognather '   Natnrh  fuh- 
skrift  S  R.,  Tom,  V.  ;  and  "  Scolopcndrer  og  Lithobier,    Ihid.,  Tom.  V  IbW. 
Latzei,  "  Die  Myi-iopoden  dor  ostcrreichisch-ungarischen  Monarchie  f  ]^ 

Chilopoden,''  Wien,  1880.  Erich  Haase,  "  Schlcsiens  Chilopodcn,  Breslau, 
1880,  1881. 


Fig.  417.— Hind  end  of  a  male  Peri- 
patus (after  Moseley).  T,  Testes; 
Pr,  prostate  gland ;  Vd,  vasa  defer- 
entia;  Be,  ductus  ejaculatorin  8  ;  D, 
rectum ;  Vc,  venti-al  nerve  trunks. 
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The  head  of  the  Myi-iapods  corresponds  closely  with  that  of  the 
Insects,  and,  like  the  latter,  bears  a  pair  of  antennte,  the  eyes,  and 

two  or  in  the  Chilopoda  three  pairs  of  jaws.    The  antennse  are 

placed  on  the  frontal  region,  and  are  usually  filiform  or  setiform. 

The  strongly-toothed  mandibles  resemble  those 

of  Insects,  and,  like  the  latter,  are  without  palps. 

The  maxillfe  in  the  Chilognatha  have  the  form 

of  a  complicated  lobed  oral  valve  (fig.  427  h), 

the  pai'ts  of  which  were  formerly  supposed  to 

represent  two  pairs  of  maxillfe  fused  together ; 

while  in  the  Chilopoda  they  consist  of  a  single 

blade  bearing  a  short  palp  (fig.  425).    In  rare 

cases  the  mouth  parts  are  transformed  into  a 

suctorial  apparatus  [Polyzoniiom). 

The  body  is  composed  of  similar  and  distinctly 

separated  segments,  the  number  of  which  varies 
considerably  in  different  species,  but  is  usually 
constant  for  the  same  species.    The  segments 
bear  paired  appendages,  and  a  strong  dorsal 
and  ventral  plate  (tergum  and  sternum)  may 
often  be  distinguished.    Although  the  segments 
of  the  body  are  so  much  alike  that  it  is  impos- 
sible to  fix  a  limit  between  thorax  and  abdomen,  fig. 
still  certain  features  of  the  internal  organisation, 
especially  the  fusion  of  the  three  first  ganglia  of  the  ventral  chain, 
show  that  we  must  regard  the  three  anterior  body  segments  at  least 
of  the  Chilognatha  as  constituting  a  thorax.    In  the  Chilognatha 
a  single  pair  of  legs  is  attached  to  each  of  the  first  three  to  five  body 
segments ;  each  of  the  following  segments,  on  the  other  hand,  bears 


418.  —  Scolopendra 
morsitans. 


Fig.  419.— lulus  terrestrit  (after  C.  L.  Koch). 


almost  invariably  two  pairs,  so  that  they  may  be  regarded  as  double 
segments,  formed  by  the  fusion  of  two  somites.  The  legs  may  be 
attached  to  the  sides  of  the  somites  (Chilopoda),  or  nearer  the  middle 
line  of  the  ventral  surface  (Chilognatha),  and  are  usuaUy  short  with 
from  SIX  to  seven  joints,  and  terminate  with  claws  (figs.  418  and  419) 
In  their  internal  structure  the  Myriapods  closely  resemble  the 
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Insects.  The  nervous  system  is  distinguLslied  by  the  gi-eat  elongation 
of  the  ventral  ganglionic  cord,  which  runs  along  the  whole  length 
of  the  body  and  is  swollen  in  each  segment  to  foi-m  a  ganglion. 
According  to  Newport,  there  is  a  system  of  paired  and  unpaii-ed 
visceral  nerves,  like  those  of  Insects.  Eyes  are  only  rarely  wanting, 
and  are  usually  present  as  ocelli  which  are  sometimes  closely  packed 
together,  oi-  rarely  (Smtigera)  as  peculiarly-formed  facetted  eyes. 

The  alimentary  canal,  vnth  rare  exceptions  (Glomeris),  takes  a 
straight  course  through  the  entire  length  of  the  body,  and  opens  by 
the  anus  in  the  last  segment.  The  following  parts  can  be  distin- 
guished : — a  narrow  cesojjhagus 
beginning  with  the  buccal  ca\dty 
and,  as  in  Insects,  receiving  the 
contents  of  two  to  six  tubular 
salivary  glands ;  a  wide,  very 
long  mesenteron,  the  surface  of 
which  is  closely  beset  with  short 
hepatic  tubes  projecting  into 
the  body  cavity;  a  hind  gut, 
which  receives  two  or  four  Mal- 
pighian  tubules,  the  latter  being 
coiled  round  the  intestine ;  and 
finally  a  short  and  wide  rectum. 

The  central  organ  of  the  cii-- 
culation  is  a  long  pulsating  dor- 
sal vessel,  which  extends  through 
all  the  segments  of  the  body  (fig. 
420).  It  is  divided  into  a  gi*eat 
number  of  chambers,  which  cor- 
respond to  the  segmentation  and, 
in  Scolopendra,  are  attached  to 
the  dorsal  wall  by  alary  muscles  to  the  right  and  left  (fig.  420,  If). 
The  blood  passes  from  the  body  cavity  through  lateral  paired  slits' 
into  the  chambers  of  the  heart,  and  is  tlience  driven,  partly  through 
paired  lateral  arteries  and  partly  through  an  anterior  cephalic  aort-a 
which  divides  into  three  branches,  to  the  organs  of  the  body  CiiA-ity, 
from  which  a  blood  sinus,  embracing  the  ventral  ganglionic  chain, 
is  separated  off. 

All  Myria2)ods  breathe  by  means  of  tracheae.  These,  as  in  Insects, 
receive  the  air  from  the  exterior  through  paired  slits,  which  are 
found  in  almost  every  segment  (sometimes  beneath  the  basjil  jomts 


Fig.  420. — Head  and  anterior  segments 
of  Scolopendra  (after  Newport).  6. 
brain  ;  0,  eyes  ;  A,  antenna; ;  Kf,  max- 
illiped  (poison-claw) ;  C,  heart :  M, 
alai-y  muscles  of  the  heart;  Av,  arteries. 
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of  the  limbs,  sometimes  in  the 
connecting  membranes  be- 
tween the  sterna  and  terga)  ; 
and  they  give  off  bunches  of 
tracheae,  which  bi-anch  and  are 
distributed  to  all  the  organs. 

Generative    organs. — ^The 
Myriapocla  are  dioecious.  The 
ovaries  and  testes  usually  have 
the  form  of   long  unpaired 
tubes,  while  their  ducts  are 
often  paii-ed  and  are  always 
connected     with  accessory 
glands,  and  in  the  female  are 
sometimes   provided   with  a 
double  receptaculum  seminis 
(fig.  421).    The  genital  open- 
ings lie  on  either  side  on  the 
coxal  joints  of  the  second  pair 
of  legs,  or  behind  this  pair  of 
appendages  {Chilognatha),  or, 
as  in  the  Ghilopoda,  there  is 
an  unpaired  genital  opening 
at  the  posterior  end  of  the 
body  (fig.  422). 

In  the  male  sex  amongst 
the  Chilognatha  there  are 
often  external  copulatory  or- 
gans* on  the  7th  segment, 
remote  fi-om  the  genital  open- 
ings. These  become  full  of 
sperm  before  copulation,  and 
during  the  coitus  introduce  it 
into  the  female  genital  open- 
ing. 

Development.— The  fe- 
males are  usually  larger 
than    the    males,   and  lay 

*  Besides  Fabre  I.e.,  compare 
Voges,  "Beitra^e  zur  Kenntiiiss 
dcr  Juliden,"  Zcitschr.  filr  mss. 
Zool,  Tom  XXXI.,  1878. 


Fig.  421.  —  Generative  organs  of  Glomeris 
marginata  (after  Fabre).  T,  Testis;  Oo, 
ovaries;  Od,  Oviduct. 


IG.  422.— Generative  organs  of  Scolopendra  com- 
planata  (after  Fabre).  T,  Testis;  Vd,  vas 
Oeferens ;  Br,  accessory  glands ;  Sb,  loop  of 
tlie  vesicula  seminalis ;  Ov,  ovary. 
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their  eggs  in  earth.  The  just-hatched  young  often  pass  through 
a  metamorphosis,  having  at  first  only  three  or  seven  pairs  of 
legs  in  addition  to  the  antennae,  and  a  few  somites  without  Umbs 
(fig.  423).    The  young  animals  undergo  numerous  moults,  and 

gi-adually  increase  in  size;  the 
extremities  sprout  out  on  the 
somites,  which  are  already 
present.  New  somites  are 
constricted  off"  from  the  termi- 
nal one  until  the  full  number 
is  completed;  the  number  of 
ocelli  and  of  the  joints  of  the 
antennae  is  increased,  and  the 
resemblance  to  the  sexual  animal  is  gi-adually  perfected.  In  othei- 
cases  [iScolo2)e7icha,  GeojMliclce)  the  embryo  already  possesses  the 
full  number  of  appendages. 


Fig.  423. — Embryo  of  Sfrongylosoma  (after  E 
Metsclmikoff) . 


Order  1. — Chilopoda.* 

Myria'poda  of  usucdly  flattened  form,  with  long  many-jointed 
antennae,  and  mouth  imrts  adapted  for  predatory  habits,  with  only  one 
pair  of  appendages  to  each  segment. 

The  body  is  long  and  usually  flat- 
tened. The  chitinous  exoskeleton 
is  hardened  on  the  dorsal  and  ven- 
tral surface  of  each  somite,  consti- 
tuting the  tergal  and  sternal  plates, 
while  on  the  sides  of  the  somites  it 
remains  soft.  In  certain  forms 
some  of  the  terga  develop  to  large 
shields,  which  over-lap  the  smaller 
terga  of  the  intermediate  somites 
(fig.  424).  The  number  of  legs  is 
never  gi-eater  than  that  of  the  sepa- 
rate segments,  a  smgle  pair  only 
being  developed  on  each  segment. 
The  antennae  are  long  and  many- 
jointed,  and  are  inserted  bene;xth  the 
L.  Koch).  Kf,  Poisou  claws.  frontal  margin.    The  eyes  are  simple 

or  aggi'egated  ocelli,  except  in  the  genus  Scutigera  which  has  facetted 

*  Newport,  "  Monograph  of  the  Class  Myriapoda,  order  Chiloi)oda,"  Linnaan 
Transactions,  XIX. 


Fig.  424. — Litliobius  forficatus  (after  C. 
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eyes.  There  are  always  two  pairs  of  jaws  (fig.  425) ;  the  mandibles 
{Md)  and  one  pair  of  maxillae  (ITcc'),  the  latter  bearing  a  short  palp. 
In  addition,  the  first  paii-  of  (thoracic)  legs  {M^')  forms  a  kind  of 
underlip  which  often  bears  two  long  palps.  The  next  paii^  of  legs 
always  approaches  the  head 
as  a  kind  of  maxilliped,  and 
forms  by  the  gi-owing  together 
of  its  basal'  parts  a  consider- 
able median  plate,  on  the 
right  and  left  of  which  great 
four-jointed  poison  claws  {Mf) 
project.  The  remaining  ap- 
pendages arise  from  the  sides 
of  the  body  segments,  the  last 
pair  being  frequently  elon- 
gated so  as  to  project  back- 
wards far  behind  the  last  seg- 
ment. 

The  generative  organs  open 
by  a  single  aperture  at  the 
hind  end  of  the  body.  There  is 
no  male  copulatory  appai-atus. 
The  young,  when  hatched, 
have  seven  pau-s  (Lithohius) 
or  the  entire  number  of  appen- 
dages {Scolopenclra).  The 
ChUopoda  feed  entirely  on 
animals,  which  they  bite  with 
the  poison  claws  and  kill  by  the  secretion  of  the  poison  gland 
which  flows  into  the  wound.  Certain  tropical  species  of  large  size 
are  able  to  inflict  wounds  which  are  dangerous  even  to  man. 

Fam.  Scolopendridae.  Antennae  long 
and  thin  with  a  relatively  small  number 
of  joints,  only  a  few  ocelli.  The  seg- 
ments of  the  body  are  sometimes  equal, 
sometimes  unequal.  Scolopenclra  (with' 
nine  pairs  of  stigmata)  gigantea  L., 
found  in  the  East  Indies.  Sc.  morsi- 
tans,  from  South  Europe.  Geojyliilvs 
■mhtervanevs,  eleetricvs  L. 

Fam.  Lithobiidae.    With  long,  many- 
jointed  antennjB  and  numerous  ocelli. 
Some  of  the  terga  are  greatly  developed,  and  partially  over-lap  those  of 


Fig.  425. — Oral  apparatus  of  Scolopendra  mtitica 
(after  Stein).  Oh,  Upper- lip;  Md,  mandibles; 
Mx',  maxilla ;  Mx'',  first  paii-  of  legs  or  second 
maxillas ;  Mf,  poison  claws  (maxilliped) ; 
Ta,  pulp. 


Fifi.  426.  — Mouth  parts  of  acophihts 
(Carus,  Icones).  K,  Maxilte;  Mf, 
maxilliped. 
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Lithohivs  forficatuH  L.,  witli  fifteen  pairs  of 


the  intermediate  segments, 
legs. 

Fam.  Scutigerid*.  The  antenna;  are  at  least  as  long  as  the  ho<ly.  The  legs 
are  long,  their  length  increasing  from  before  backwanls.  Facetted  eyes  instead 
of  ocelh.  With  a  small  number  of  free  terga.  Sentvjeva  aoUoptrata  L.,  South 
uermany  and  Italy. 

Order  2. — Chilognatha. 

The  shape  of  the  body  is  cylindrical  or  subcylirulrical.  There  is  a 
four-lohed  plate  behind  the  mandibles,  ami  two  pairs  of  legs  on  each 
segment  {the  ^  anterior  segments  excepted).  The  genital  openings  are 
on  the  coxal  joint  of  the  second  pair  of  legs. 

The  body  of  the  Chilognatha  is,  as  a  rule,  cylindrical  or  sub- 
cylindrical.  The  segments  have  the  form  of  complete  rings,  or  are 
provided  with  special  dorsal  plates.  In  many  cases  {Julidoe)  the 
body  is  much  elongated ;  in  others  {Glomeris)  it  is  short,  like  that  of 
a, wood-louse  (fig.  427).    The  antennae  are  short,  and  consist  only 

of  seven  joints, 
of  which  the  last 
may  abort.  The 
mandibles  are 
provided  with 
broad  masticating 
6,  MaxUiae  surfaces,  which 
serve  to  crush  the 
vegetable  matters  on  which  the  animals  feed,  and  with  an  upper 
movably  articulated  pointed  tooth.  The  maxillfe  are  united  so  as  to 
form  an  inferior  buccal  plate,  the  sides  of  which  bear  two  rudimentary 
hook-shaped  blades  (fig.  427,  b),  while  the  middle  portion  appears 
to  represent  the  underlip.  The  eyes,  which  as  a  rule  consist  of 
aggregated  simple  eyes,  are  situated  above  and  external  to  the 
antennfe.  The  anterior  thoracic  legs  are  as  a  rule  directed  forwards 
towards  the  mouth.  The  three  thoracic  segments,  and  sometimes 
the  next  two  or  three  segments,  bear  a  single  paii-  of  legs.  All  the 
others,  except  the  seventh  in  the  male,  bear  two  paii-s.  Stigmata  are 
present  in  all  the  segments,  and  are  more  or  less  hidden  beneath  the 
coxal  joints  of  the  limbs.  The  rows  of  pores  {foramina  repugnatoria) 
on  either  side  of  the  back,  which  are  often  taken  for  rows  of 
stigmata,  are  the  openings  of  cutaneous  glands,  and  secrete  a  cor- 
roding fluid  for  the  protection  of  the  animal.  The  generative  organs 
open  on  the  coxal  joint  of  the  second  pan-  of  legs,  and  in  the  male 
sex  there  is  also  a  paired  copulatory  organ  present  on  the  seventh 


Fig.  427. 


-17,  QlomcrU  marginata  (after  C.  L.  Koch), 
(inferior  buccal  plate)  of  Juliis  terregtris. 
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segment  of  the  body,  at  some  distance  from  the  genital  openings. 
In  Glomeris,  this  copulatory  organ  seems  to  be  replaced  by  two 
accessory  pairs  of  appendages  on  the  anal  segment.  The  young 
possess  at  first  only  three  pairs  of  legs,  and  the  metamorphosis  would 
therefore  seem  to  be  more  complete  than  in  the  Chilopods. 

The  Chilognatha  live  in  damp  places,  beneath  stones  on  the 
ground,  and  feed  on  vegetable  and  dead  animal  matters.  Many  of 
them  roU  themselves  up  into  a  ball  like  the  woodlice  or  into  a  spiral. 

Fam.  Polyzonidse.  With  small  head  and  subcylindrical  body  which  can  be 
rolled  up  into  a  spiral,  and  suctorial  mouth  parts.  Polijzonhnn  germanicum 
Brdt. 

Fam.  Julidse.  The  head  is  large  and  free.  The  eyes  are  mostly  aggregated 
together  ;  with  cylindrical  body,  which  can  be  rolled  up  in  a  spiral  ;  without 
broad  dorsal  plates.  The  limbs  meet  together  in  the  middle  ventral  line. 
JiUns  sabniosns  L. 

Fam.  Polydesmidse.  With  large  fi-ee  head  and  laterally  extended  dorsal 
plates.  The  number  of  somites  is  small.  Poli/dcsmus  complanatus  Deg., 
Pvlyxemis  lagvriis  L.,  with  twelve  pairs  of  legs.    Pmivopm  Huxlcyi  I.ubb. 

Fam.  Glomeridae.  The  body  is  short  and  broad,  and  can  be  rolled  up  into  a 
ball.  There  are  only  twelve  to  thirteen  segments,  which  possess  dorsal  plates. 
The  last  ring  of  the  body  is  shield-like.  They  remind  one  of  the  genus 
Armadillo.  Glomcris  marginata  Leach.,  with  seventeen  pairs  of  legs  ;  in  the 
male  there  are  in  addition  two  pairs  of  genital  appendages  at  the  hinder  end 
of  the  body.    Spharotlierivm  elmgatnin  Brdt. 


Class  v.— HEXAPODA*=INSECTA. 


Tracheata  with  two 
antennce  on  the  head, 
and  with  three  pairs 
of  legs  and  usually 
two  pairs  of  icings 
on  the  thorax,  which 
latter  is  comj)osed  of 
three  segments ;  the 
abdomen  has  nine  or    „     .00  t 

J^'G.  428.— Head,  thorax  and  abdomen  of  an  Acriditim  seen 
ten  segments.  from  the  side.    St,  stigmata  ;  T,  tympanic  organ. 

*  J.  Swammerdam,  '-Historia  Insectorum  generalis,"  Utrecht,  1669.  J 
iTrT'f'r;  -^'^Y^  Datuure,"  1737-1788:  E6aumur,  "  Memoires  poii 
servn-  h  I'histoire  des  Insectes,"  12  vols..  Paris  17.3-1-1742  Oh  V,ar^■n^l 
•'Traits  d'lnsectologie,^'  2  vols.    Paris,  1740.    A  EVsel  von  Eos^nho?  "1?: 

L^'^f"51J^,•'f '^^^T  '  T^''^^^^^:^'  1761.    Ch.  de  Geer,  "  Mimoires  pour 

sei-vir  a  1  histoire  des  Insectes,"  8  vols.,  1762  to  1776.  H.  Burmeister  "  Hand- 
buch  der  Bntomologie,"  Halle,  1832.  ^mwhier,  nana- 
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The  separation  of  the  body  into  the  three  regions  known  as  head, 
thorax  and  abdomen  is  more  distinctly  marked  in  Insects  than  in 
any  other  of  the  Articulata.  The  number  of  somites  and  appendages 
appears  to  be  constant ;  the  head,  with  its  four  pairs  of  appendages, 
being  composed  of  four  segments,  the  thorax  of  three,  the  abdomen 
usually  of  nine  or  ten  (eleven)  {Ortho])tera)  (fig.  428).  The  anterior 
abdominal  segment,  however,  not  unfrequently  takes  part  in  the 
formation  of  the  thorax. 

The  head,  which  Ls  al- 
most always  sharply 
marked  off  from  the  tho- 
rax, is  formed  of  an  unseg- 
mented  capsule,  in  which 
different  regions  may  be 
distinguished.  These  re- 
gions have  been  named, 
face,  forehead,  cheeks, 
throat,  skull,  etc.  after  the 
parts  of  the  Vertebrate 
head.  The  upper  side  of 
the  head  bears  the  eyes 
laterally,  and  the  antennse, 
while  on  the  under  part 
the  three  pau-s  of  oral 
appendages  are  inserted 
round  the  mouth.  The 
antei'ior  appendages,  the 
antenna?,  are  in  Insects 
formed  of  a  simple  row 
of  segments,  but  vary 
much  in  form  and  size. 
They  usually  arise  from 
the  fi'ontal  region,  and 
serve  not  only  as  tactile 
organs,  but  also  as  or- 
gans of  smell.  We  ciin 
distinguish  between  regular  antennae  (where  all  the  joints  are  alike) 
and  irregular  antennae  (fig.  429).  The  fii'st  may  b6  bristle-hke, 
filiform,  moniliform,  dentate,  or  pectinate ;  the  irregular  antenna?, 
in  which  the  second  joint  and  terminal  joints  are  especially 
liable  to  modification,  are  most  frequently  club-shaped,  knobbed, 


Fig.  429. — Different  forms  of  antenn£e  (after  Bur- 
meister).  a,  Bristle-like  antenna  of  Locusta  h, 
flliform  antenna  of  Carahm ;  c,  moniliform  antenna 
of  Tenehrio ;  d,  dentate  of  Elater :  e,  pectinate 
antenna  of  Ctenicera  ;f,  crooked  antenna  of  Apis  ; 
g,  club-shaped  of  Silpha ;  h,  knobbed  of  Necro- 
phorus ;  i,  lamellated  of  Melolontha ;  k,  antenna 
with  bristle  from  Sargus. 
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lobed,  or  crooked.  In  the  last  case  the  first  or  second  joint  is  elon- 
gated forming  the  shaft,  to  which  the  distal  and  shortei-  joints  are 
attached  at  an  angle  as  the  flagellum  l^Ajns). 

The  following  structures  enter  into  the  formation  of  the  mouth 
parts : — the  upper  lip  (lahrum),  the  upper  jaws  (onandibles),  the  first 
pail-  of  maxillfe  or  lower  jaws,  the  second  pair  of  maxillas  or  lower 
lip  {labium).  The  upper  lip  is  a  plate,  which  is  usually  movably 
articulated  to  the  cephalic  shield  and  covers  the  mouth  from  above. 
Beneath  the  upper  lip  to  the  right  and  left  are  the  mandibles  or  upper 
jaws,  in  the  form  of  two  palpless  biting  plates ;  they  are  unjointed, 
and  therefore  more  powerful  as  masticatory  organs.  The  first  paii' 
of  maxillse  or  lower  jaws  have  a  more  complicated  structure.  They 
are  composed  of 
several  joints, 
and  are,  there- 
fore, adapted  for 
less  powerful  but 
more  varied  move- 
ments in  aid  of 
the  masticatory 
process. 

The  maxillffi  of 
the  fii'st  pair  (fig. 
430)  are  made  up 
of  the  following 
parts  :  —  a  short 
basal  joint  {car do, 
C),  a  longer  se- 
cond joint  or 
shaft  {stijjes,  St) 
with  an  external  scale  {squama  2^al2ngera),  to  which  is  attached 
a  many-jointed  palp  {jyaljms  maxillaris,  Mxt.).  Two  blades,  an 
internal  and  external,  are  attached  to  the  distal  end  of  the  second 
joint  [and  known  respectively  as  lacinia  and  galea']  {lohus  externus, 
intermis,  L.  in,  L.  ex).  The  maxilla  of  the  second  pair  arise  from 
the  throat,  and  are  partially  fused  together  across  the  middle  line 
so  as  to  form  the  unpau-ed  lower  lip  or  laUum.  It  is  rarely  the  case 
that  all  the  parts  of  the  first  maxillaj  are  discernible  in  the  labium, 
the  fusion  being  generally  accompanied  by  the  reduction  and  dis- 
appearance of  certain  parts.  Thei-e  are,  however,  cases  in  which 
all  the  elements  of  the  fii-st  maxillfe  can  be  shown  to  exist  {Orthop- 


Fig.  430.— Mouth  parts  of  a  Blatta  (after  Savigny).  a,  Head 
seen  from  the  from :  Oc,  ocelU;  Mxt,  maxillary  palp;  Lt, 
labial  palp,  b.  Upper  lip  (labrum,  Lr).  c.  Mandible  (Mi), 
d,  1st  maxilla  :  C,  Cardo  ;  St,  stipes ;  L.  in,  lobus  internus ; 
X.  ex,  Lobus  externus.  e,  2nd  maxillse  or  labium  (lower 
lip),  clearly  composed  of  two  halves. 
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tera,  lig.  430).  Wliile  the  labium  is  usually  reduced  to  a  simple 
plate  with  two  lateral  palps  (j)alpi  labicdes),  in  the  OrlhojJtera  we  can 
distinguish  a  proximal  piece  (subnientum),  fixed  to  the  throat,  from 
a  second  piece,  bearing  the  two  palps  (mentum),  at  the  point  of 
which  there  is  a  piece,  the  tongue  {ylossa)  (fig.  430,  e,  L.  in), 
and  sometimes  secondary  pieces,  the  paraglosscn  {L.  ex).  The  sub- 
mentum  evidently-  corresponds  to  the  fused  basal  joints  (wirdo), 
the  mentum  to  the  fused  shafts  (stipes),  the  simple  or  bifid  glossa 
to  the  lobus  internus,  and  the  paraglossae  to  the  lobus  externus  of  the 
first  maxillse.  Median  projections  on  the  internal  surface  of  the 
upper  and  lower  lips  are  distinguished  as  epipharynx  and  hypo- 
pharynx  respectively. 

The  above  description  refers  to  insects 
which  gnaw  or  bite  their  food.  When  the 
food  is  fluid,  the  mouth  parts,  either  in 
whole  or  part,  become  so  remarkably  modi- 
fied that  it  required  the  penetration  of 
Savigny  to  establish  their  moi'phological 
relations.  The  biting  mouth  parts  found 
in  the  orders  of  the  Coleojjtera,  the 
NethropUra  and  the  Orthoptera  are  most 
nearly  allied  to  the  mouth  parts  of  the 
Hymenoptera,  which  may  be  described  as 
a  licking  apparatios  (fig.  431).  The  upper 
lip  and  mandibles  agree  with  those  of  the 
biting  apparatus,  but  the  maxillae  and  la- 
bium are  more  or  less  elongated  and  modi- 
fied, to  admit  of  licking  and  sucking  up 
fluids. 

Mouth  parts  adapted  for  sucking  are 
found  in  the  Lepidoptera,  where  the  first 
maxillfe  are  united  to  form  a  sucking  tube, 
while  the  othei-  parts  are  more  or  less 
aborted  (fig.  432).  Finally  the  ^;iem«(/  mouth  parts  of  the 
Diptera  and  Rhynchota  also  possess  a  sucking  apparatus,  which  is 
usually  formed  of  the  labium ;  but  there  are  also  styliform  wea- 
pons, by  means  of  which  access  is  gained  to  the  nourishing  fluid, 
which  is  to  be  sucked  up  (figs.  433,  434).  These  weapons  may  be 
formed  by  the  mandibles,  and  also  by  the  maxillfe,  and  even  the 
hypopharynx  and  epipharynx  may  be  used,  undergoing  numerous 
modifications.     Since  the  piercing  part  of  the  apparatus  may  be 


Fig.  431.  —  Mouth  parts  of 
Autliophora  retuaa  (after 
Newport)  A,  Antennse ; 
Oe,  ocelli ;  Md,  mandibles ; 
Mx,  maxillse ;  Mxt,  max- 
illary palp ;  Lt,  labial 
palp  J  Ql,  glossa ;  Pg, 
paraglossEe. 
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totally  aborted,  or,  at  any  rate,  become  functionless,  it  is  obvious 


fix 


Fig.  432. — Oral  apparatus  of  Butterflies  (after  Savigny).  a, 
Of  ZygcBiui ;  h,  of  Noctuu.  A,  AntennEe ;  Oc,  eyes ;  Xr, 
upper  lip  ;  Md,  manflible ;  Mxt,  maxillary  palp  ;  Mx, 
maxilla  (fii-st)  ;  Lt,  labial  palp,  cut  away. 


that  no  sharp  line  can  be  drawn  between 
the  piercing  and  sucking  forms  of  oral 
apparatus  (fig.  434). 

The  next  principal  region  of  the  body 
in  Insects  is  the  thorax,  which  is  con- 
nected with  the  head  b}'  a  slender  neck. 
It  consists  of  three  segments,  and  bears 
three  pairs  of  legs  and  usually  two  pairs 
of  wings  on  the  dorsal  surface.  These 
three  segments,  the  prothorax,  the  meso- 
thorax  and  the  metathoixix  are  rarely 
simple  horny  rings,  but  are  usually  com- 
posed of  several  parts  united  by  sutures. 
In  each  segment  a  dorsal  plate,  lateral 
regions  and  a  ventral  plate  can  be  dis- 
tinguished. These  may  be  termed  notum, 
pleura  and  sternum  respectively,  and 
they  may  further  be  described,  according 
to  the  segments  in  which  they  occur,  as 
jno-,  meso-  and  meta-7wtuvi,  and  2^'>'o-, 
meso-,  and  rtieta-sternum.  The  lateral 
regions  are  divided  into  an  anterior  piece 
{epistemimi)  and  a  posterior  {ejmnerimi), 


Pig.  433.- Mouth  parts  of 
Nepa  cinerea  (after  Sa- 
vigny).  Ul,  Lower  lip 
(labium)  or  rostrum  ;  Lt, 
upper  lip ;  Md,  mandible ; 
Mx,  maxUla  (first). 


Fig.  434.— Mouth  parts  of  Culex 
memorosus  ^  (after  Becher). 
Lbr,  Upper  lip  ;  Lh,  lower  lip 
(proboscis) ;  Lt,  labial  palp  ; 
Md,  mandibles;  Mx,  maxillae 
(flrsi) ;  H.  hypopharynx  (pierc- 
ing weapon). 
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while  on  the  mesonotiwi  there  is  a  median  triangular  plate  (the 
scutellum),  and  on  the  metanotum  thei-e  is  not  rarely  a  similar  hut 
smaller  shield  (the  2>ostscutelhc7n).  The  manner  in  which  the  three 
regions  of  the  thorax  are  connected  with  one  another  varies  in  the 
different  orders.  In  the  ColeojJtera,  Neuroptera,  OrtUoptera  and  in 
many  Rhynchota,  the  pro-thorax  is  freely  movable,  while  in  all  other 
cases  it  ia  a  relatively  small  ring  and  is  fused  with  the  following 
segments. 

The  three  pairs  of  legs  are  articulated  in  excavations  of  the 
chitinons  integument  of  the  ventral  surface  between  the  sterna 
and  pleura.    The  number  and  size  of  the  joints  of  the  legs  seem 


Fig.  435.— Different  form  of  legs  (regne  animal),  a,  Mantis  with  predatory  leg;  6,  leg  of 
Carahns  used  in  running;  c,  of  Aeridium  used  in  springing;  rf,  of  Gri/llotalpa  used 
in  digging ;  e,  swimming  leg  of  Dythcm. 

more  constant  in  the  Insecta  than  in  any  other  group  of  the  Arth- 
ropoda,  so  that  it  is  possible  to  distinguish  five  regions  (fig.  435). 
The  basal  joint  {coxa),  which  is  either  spherical  or  cylindriciil,  is 
articulated  to  the  thorax  and  permits  of  free  movement  of  the  limb. 
The  coxa  is  followed  by  a  second  very'  short  ring,  constitutuig  the 
trocJmnter,  which  is  sometimes  divided  into  two  parts  or  in  other 
cases  is  fused  with  the  next  joint.  The  thu-d  joint,  which  is  con- 
spicuous on  account  of  its  size  and  strength,  is  the  longy*ewm?'.  The 
next  joint  is  the  likewise  long  but  slender  tibia,  which  is  armed  at 
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the  point  with  movable  spines.  Finally  the  last  joint,  or  taisus,  is 
less  movably  articulated.  It  is  simple  only  in  rare  cases ;  generally 
it  is  composed  of  a  number  of  joints  (usually  five),  of  which  the 
last  is  terminated  by  movable  claws,  and  sometimes  also  by  lobed 
appendages. 

Of  course  the  special  form  of  the  legs  varies  according  to  the  mode 
of  locomotion  and  the  special  needs  of  each  insect.  Legs  adapted 
for  running,  walking,  burrowing,  leaping,  prehension  can  be  dis- 
tinguished (fig.  435).  The  anterior  pair  only  is  used  for  predatory 
purposes,  and  in  such  a  leg  the  tibia  and  tarsus  are  bent  backward 
against  the  femur  in  the  same  way  that  the  blade  of  a  pocket-knife 
folds  back  against  its  handle  [Mantis,  JVejm).  The  legs  used  in 
springing  are  the  posterior  pair  {Acriclium),  and  they  are  charac- 
terised by  the  powerful  femur.  Those  used  in  digging  are  usually 
the  anterior  pair,  and  they  may  be  recognised  by  the  broad,  shovel- 
like tibia  {Gryllotaljxi).  In  the  swimming  legs  all  the  parts  are  flat, 
and  closely  beset  with  long  swimming  hairs  (J^aucoris).  The  legs 
used  in  walking  may  be 
distinguished  from  the 
ordinary  running  legs 
by  the  broad  haiiy  lower 
surface  of  the  tarsus 
(Lamia). 

Wings  are  only 
found  in  the  fully  de- 
veloped, .  sexually  adult 
animals,  which  are  re- 
latively rarely  without 
them.  They  are  attached 
to  the  .dorsal  surface  of  the  meso-  and  meta-thorax,  being  articulated 
between  the  notum  and  pleura.  The  anterior  wings  are  attached  to 
the  meso-thorax,  and  the  posterior  wings  to  the  meta-thorax.  As 
regards  their  form  and  structure  they  are  thin,  superficially  expanded 
plates,  consisting  of  two  membranes  firmly  adhering  to  one  another 
and  continuously  connected  at  the  edges.  They  are  usually  delicate 
and  tiunsparent,  and  are  traversed  by  various  strongly  chitinised 
bands,  the  nervures  or  veins  or  ribs  (fig.  436), 

These  nervures,  which  have  a  very  definite  and  systematically 
important  course,  consist  of  canals,  placed  between  the  two  layers  of 
the  wing,  surrounded  by  chitin  and  containing  blood,  nerves  and 
especially  trachece,  the  distribution  of  which  corresponds  with  the 


Fig.  436.— Wing  of  Tipula  (after  Fr.  Braiier).  H,  Snb- 
costa ;  1,  first  longitudinal  nervui'e  (costa  mecliana)  ; 
2,  radial  rib  (radius  or  sector)  ;  3,  cubital  rib ;  4,  dis- 
coidal  rib  (or  cubitus  anticus);  5,  submedian  (or  cubitus 
posticus) ;  6,  anal  rib  (or  postcosta) ;  7,  axillar  rib  ;  R, 
marginal  cell ;  U,  submarginal  cell.  D,  discoidal  cell ; 
I—V,  posterior  marginal  cells ;  VB,  anterior  basal 
cell ;  HB,  posterior  basal  cell ;  AZ,  anal  cell. 
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course  of  the  nei-vure.s.  The  nervures,  tlierefore,  always  stai-t  from 
the  root  of  the  wing  as  two  or  three  principal  stems,  and  distril>ute 
their  bi-anches  more  especially  to  the  upper  half.  The  first  (fig.  436) 
of  the  main  trunks  which  runs  beneath  the  upper  margin  of  the 
wing  is  called  the  costa,  and  often  ends  in  a  horny  dilatation.  Be- 
neath the  costa  there  is  a  second  main  stem,  the  radius,  and  behind 
this  a  third,  the  cubitus,  which  rarely  remains  .simple,  but  usually 
bifurcates  before  the  middle  of  its  coui-se  into  branches,  which  are 
often  further  divided  so  that  a  more  or  less  complicated  network  Ls 
formed  in  the  upper  half  of  the  wing.  The  spaces  of  this  network 
may  be  distinguished  as  marginal  S2)aces  or  radial  cells,  and  as  sub- 
marginal  spaces  or  cubital  cells.  Not  rarely  there  may  also  be 
present  one  or  more  lower  nervures  (anal,  axillar  nervures). 

The  form  and  structure  of  the  wings  present  various  modifications. 
The  anterior  wings  may  become  coriaceous  by  the  stronger  chitinLsation 
of  their  substance,  as  for  instance  in  the  OrthojJtera  and  Rhynchota  : 
or,  as  in  the  Coleoptera,  they  may  have  a  firm  hoi-ny  structure  {teg- 
viina  or  elytra),  and  be  used  less  for  flight  than  as  a  protection 
of  the  back,  the  skin  of  which  is  soft.  The  anterior  wings  in 
the  Rhynchota  group  of  the  Hemiptera  are  mostly  horny  and  only 
membranous  at  the  tip,  while  the  posterior  wings  are  membranous. 
When  both  pairs  of  wings  are  of  a  membranous  structure,  their 
surface  is  either  thickly  covered  with  scales,  Lepidoptera  and  Phry- 
ganidce  (group  of  Neurojitera),  or  remains  naked  and  is  marked  out 
into  a  number  of  very  conspicuous  spaces,  which  may  not  unfrequently 
have  the  form  of  a  close  net-like  mesh-work,  as  in  the  Neuroptera. 
In  general  the  two  pairs  of  wings  differ  in  size.  Those  insects  which 
have  coriaceous  anterior  wings  and  half  or  whole  wing  covers,  have 
much  larger  posterior  wings,  while  in  the  insects  \\dth  membranous 
wings  the  anterior  wings  are,  as  a  rule,  the  largest.  In  many  of  the 
Keuroptera,  the  wings  are  pretty  nearly  the  same  size,  while  in  the 
Diptera  the  posterior  wings  are  aborted  and  reduced  to  small  knobs 
{I halter es).  Finally  we  find  in  all  the  orders  of  insects  examples  of  a 
complete  absence  of  wings  either  in  both  sexes,  or  in  the  female  sex 
alone.  , 

The  thii-d  region  of  the  body,  which  contains  most  of  the  vegeta- 
tive organs,  as  well  as  the  organs  of  i-eproduction,  is  the  elongtvted 
and  well-segmented  abdomen.  In  the  adult  insect  this  region  is 
destitute  of  appendages,  although  very  often  in  larval  life,  and  as  an 
exception  in  the  sexuall}^  adult  animal  {Japyx),  short  appendages 
are  pi-esent.    The  abdominal  segments  are  very  definitely  separated 
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Fig.  437.^  Posterior   end  of   body   of  a  Beetle 
{Ptero>!tichus  S )  (after  Stein).  8,  9,  Dorsal  plates  ' 
8'  9',  ventral  plates;  St,  stigma;  A,  anus;  G 
genital  opening.  '  ' 


from  one  another  by  soft  connecting  membranes.    They  are  com- 
posed of  simple  dorsal  and  ventral  plates,  which  are  also  connected 
laterally  by  soft  membranes.    This  structure  of  the  abdomen,  which 
contains  the  respii-atory  and  genital  organs,  permits  of  its  being 
dilated  and  contracted  {respiratory  movements,  distension  of  the 
ovary).    Very  often  the  posterior  segments  have  a  special  struc- 
tui-e,  owing  to  the  various 
appendages  which  are  con- 
nected with  the  processes 
of  copulation  and  of  depo- 
sition of  the  eggs.  The 
anus  is  usually  placed  on 
the  last  abdominal  ring, 
while  the  generative  open- 
ing which  is  separate  from 
the  anal   aperture  opens 
on  the  ventral  surface  of 
the  preceding  segment  (fig.  437).    Terminal  appendages,  such  as 
jomted  filaments,  etc.,  are  present  on  the  anal  segment.    The  ap- 
pmdices  cjenitcdes,  forming  the  genital  armature,  are,  on  the  con- 
trary, placed  on  the  ventral 
side  around  the  genital  open- 
ing. Developed  in  the  male 
as  valves  and  in  the  female 
in  the  form  of  ovipositors, 
stings,  etc.,  they  arise  from 
the  imaginal  discs  (growths 
of  the  hypodermis),  in  the 
Hyme7io2)tera  and  Orthop- 
tera  on  the  eighth  (first 
pair)   and   ninth  (second 
pair)  segments  of  the  ab- 
domen   (fig.    438).  The 
ovipositors  of  the  Diptera, 
on  the  other  hand,  are  to 
be  deiived  from  the  re- 
tracted posterior  segments. 
Alimentary  canal  (figs. 


Fig.  438.-„,  Hind  end  of  abdomen  of  a  youno- 
female  Locugta  with  the  protuberances  of  the 
ovipositor  and  the  anal  styles ;  C  and  C"  the 
internal  and  external  protuberances  of  the  penulti- 
mate; C",  the  same  of  the  antepenultimate  seg- 
^nt.  6  slightly  older  stage,  c.  Nympha ;  ^,  anus 
with  anal  styles  (after  Dewitz). 


which  i.  covered  h,  the  upper  lip,  u.u,d.,  -Zl'^^l 
gn..,  .uto  the  anterior  portion  of  which,  distinguished  theTf,!^, 
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cavity,  open  one  or  moi-e  pairs  of  tubular  or  i-aceinose  salivary  gland.s 
(Sp).  In  many  of  the  suctorial  insects,  the  end  of  the  oesophagus  is 
dilated  into  a  sack  with  thin  membranous  walls  and  a  shoi-t  stalk,  the 
suctorial  stomach ;  in  others  into  a  more  uniform  dilatation,  known 
as  the  crojj  (tig.  439,  Oe).  Tlie  intestine  which  follows  the  esophagus 
is  sometimes  straight  and  sometimes  coiled  ;  it  vaiies  exceedingly 
in  accordance  wdth  the  mode  of  life.    It  is  always  at  least  divisible 

,  into    a    longer  portion, 

which  is  concerned  in  di 
gestion,  the  mesentei-on  or 
chylific  ventricle  {M,  Chd), 
and  a  terminal  portion, 
which  is  concerned  with 
the  ejection  of  the  fseces 
(figs.  439,  440). 

The  number  of  regions 
may,  however,  be  larger. 
In  predaceous  Insects, 
especially  in  the  ordei-s  of 
ColeojJtera  and  J\^euroj)tera, 
a  masticatory  stomach  or 
proventriculus  (fig.  440, 
Pv)  is  inserted  between 
the  crop  and  chylific  ven- 
tricle ;  this  is  of  globular 
form,  and  has  powerful 
muscular  walls.  It  is  lined 
by  a  specially  thick  ohitin- 
ous  cuticle,  which  is  beset 
with  strong  bands,  teeth, 
and  bristles.  The  chylific 
ventricle  also,  on  which 
especially  the  digestive 
glandular  layer  is  developed 
at  the  expense  of  the  mus- 
cular layer,  is  sometimes 
divided  into  several  re- 
gions, as  for 
some  Beetles 
the  numerous 


Fig.  439.— Digestive  npparatus  of  Api-y  melUfica 
(after  Lt'on  Diif our).  Sp,  Salivaiy  glands  ;  Op,  oeso- 
phagus with  crop-like  dilatation  ;  M,  chylific  ven- 
tricle ;  Re,  Malpighiau  vessels ;  R,  rectum  with 
so-called  rectal  glands ;  0.  Br,  poison  glands. 


part  has  a  shaggy  appearance  from 
project  from  it  (fig.  440  Chd),  and  is  sharply  marked 


example  in 
the  anterior 
(xeca  which 
oft*  from 
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the  simple  narrower  portion  which  follows  it.  Larger  ca3ca,  too, 
after  the  manner  of  hepatic  glands,  may  be  inserted  at  the  com- 
mencement of  the  chylific  ventricle  {Orthopterd). 

The  commencement  of  the  hind  gut  or  posterior  portion  of  the 
alimentary  canal  is  indicated  by  the  opening  of  filiform  cfecal  tubes, 
the  Maljnghian  vessels.  It  is  divided  into  two  or  more  i-arely  three 
regions,  which  ai'e  distinguished  as  the  small  intestine,  the  large 
intestine  and  the  rectum.  The  last  region  is  provided  with  a  strong 
layer  of  muscles,  and  contains  in  its  walls  four,  six  or  more  longitudinal 
ridges,  the  so-called  rectal  glands  (fig.  439,  R). 
glands,  the  so-called  anal  glands  {G.Br, 
Ad),  open  into  the  rectum  immediately  in 
front  of  the  anus.  Theii-  secretion,  on 
account  of  its  ii-ritating  qualities  and  dis- 
agreeable smell,  seems  to  serve  as  a  pro- 
tection to  the  animal.  In  exceptional 
cases  the  larva  alone  takes  up  nutriment, 
the  sexually  mature  apterous  form  being 
without  a  mouth  {Eplmnera).  Finally 
the  stomach  of  the  larva  in  a  few  cases 
ends  blindly,  and  does  not  communicate 
with  the  hind  gut  {larvae  of  Hymenoptera, 
Pup)ipara,  Ant-lion). 

The  Malpighian  vessels  already  men- 
tioned, which  were  formerly  eironeously 
held  to  be  bile  organs,  undoubtedly  func- 
tion as  urinary  organs.  Their  contents, 
secreted  by  the  large  nucleated  cells  of 
their  walls,  are  usually  of  a  brownish 
yellow  or  white  colour,  and  consist  of  an 
aggregation  of  small  granules  and  con- 
cretions, which,  for  the  most  part,  consist 
of  uric  acid.  Crystals  of  oxalate  of  lime 
and  taurin  have  also  been  found.  The 
numbers  and  grouping  of  these  filiform 

tubes,  which  are  usually  very  long  and  wound  round  about  the  chy- 
lific ventricle,  varies  very  much.  As  a  rule  there  are  four  or  six 
or  more  rarely  eight  of  them  opening  into  the  intestine,  but  in  the 
Hymenoptera  and  Orthoptera  the  number  is  much  larger;  in  the 
latter  there  may  even  be  a  common  duct  into  which  the  tubes  are 
united  {Gryllotalpa). 


Fig.  440. — Alimentary  canal  and 
glandular  appendages  of  a 
Beetle  (Carabm)  (after  L.  Du- 
four).  Oe,  oesophao-us;  Jn, 
crop ;  Pv,  proventriculus ; 
Chd,  chj'Iiflc  ventricle;  Mg, 
Malpighian  tubes  ;  2?,  rectum  ; 
Ad,  anal  glands  with  vesicle. 
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Amongst  the  secretory  glands  of  insects  the  (jlmuhdce  odorifo  '(K,  the 
loax-ylands,  spimiimj-ijlands  and  poison  (/lands  are  to  be  mentioned. 
Of  these,  the  first,  to  which  belong  the  anal  glands  which  we  have 
already  mentioned  (fig.  440),  lie  beneath  the  covering  of  the  body 
and  secrete,  usually  between  the  articulations,  strongly  smelling 
fluids.  In  the  bugs  there  is  an  unpaired  pirifonii  gland  in  the 
metathorax,  Avhich  poui-s  out  its  secretion  by  an  opening  between  the 
hind  legs  and  gives  rise  to  the  notorious  smell.  Unicellular  cutaneous 
glands  have,  been  shewn  to  exist  in  different  pai-ts  of  the  body  of 
insects,  and,  like  the  sebacious  glands  of  vertebrates,  seem  to  secrete 
an  oily  liquid,  which  serves  to  lubricate  the  joints.  Similar  glandular 
tubes  of  the  integument,  which  may  be  called  wax-glands,  seci-ete 
white  threads  and  flakes,  which  cover  the  body  as  with  a  kind  of 
powder  or  wool  (Plant  lice,  etc.,  fig,  441).    Sjnnning -glands  occur 

exclusively  in 
larvae  and  serve 
for  the  produc- 
tion of  webs  and 
cases.  When 
these  glajids 
have  the  form 
of  two  or  more 
less  swollen  and 
elongated  tubes 
(sericteria) 
opening  behind 
the  mouth,  they 
may  be  com- 
pared to  a 
special  form  of 
salivary  gland, 

which  they  also  resemble  in  their  stiaicture.  The  larva  of  the  ant- 
lion  has  its  spinning  organs  at  the  opposite  end  of  the  body ;  the 
wall  of  the  rectum,  which  is  shut  off  from  the  chylific  ventricle, 
taking  the  place  of  the  sericteria. 

The  poison  glands,  which  are  present  in  the  female  Hymmoptera, 
consist  of  two  simple  or  branched  tubes,  the  common  duct  of  which  is 
dilated  to  form  a  vesicular  reservoir  for  the  secreted  fluid,  which 
consists  of  formic  acid.  The  end  of  this  reservoir  is  connected  witli 
the  poison  sjmie. 

Vascular  system. — The  blood,  which  is  usually  colourless  but  not 


Fig.  i41.— The  wax  glands  and  the  prominences  on  which  they  open 
of  an  Aphide  {Scliizoneura  Lanicerae).  a,  Pupa  seen  from  dorsal 
surface;  Wh,  prominences  on  which  the  wax  glands  open; 
b,  the  unicellular  wax  glands  (WD)  beneath  the  cuticular  facets 
(Cf)  of  the  skin. 
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iinfrequently  has  a  green  tinge,  always  contains  amoeboid  blood  cells 
and  travels  along  definite  tracts  of  the  body  cavit}\  The  simplification 
of  the  circulatory  apparatus,  which  is  confined  to  a  dorsal  vessel,  is 
correlated  with  the  richly  branched  respiratory  apparatus,  the  air- 
conducting  trachece,  which  are  distributed  to  all  the  organs  and  carry 
oxygen  to  the  blood.  The  heart,  which  has  the  form  of  a  dorsal 
vessel  (fig.  442),  runs  in  the  middle  line  of  the  abdomen,  and  is 
divided  by  transverse  constrictions  into  numerous  (up  to  eight) 
chambers  corresponding  to  the  seg- 
ments. These  chambers  are  attached 
to  the  integument  of  the  dorsal  sur- 
face by  triangular  muscles  (alary 
muscles).  During  the  diastole  of 
the  chambers   the    blood  streams 

through    as   many   paired  lateral 

slits  into  the  heart,  which  contracts 

gradually  from    before  backwards 

and  drives  the  blood  in  the  same 

direction.     The  anterior  chamber 

is  prolonged  into  a  median  aorta, 

which  runs  forward  to  the  head. 

From  this  aorta  the   blood  flows 

freely  into   the   body  cavity  and  jjj 

returns  to  the  heart  in  four  prin- 
cipal streams,  two  lateral,  one  dorsal 

beneath  the  dorsal  vessel,  and  one 

ventral  above  the  ganglionic  chain, 

giving  ofi"  numerous  branches  to  the 

extremities,  etc.  It  is  only  in  ex- 
ceptional cases  {e.g.,  in  the  caudal 

filaments  of  the  larvc^  of  Ejohemera)  fig.  442.-Loiigitudiuai  section  throu-h 
that  arterial  vessels  are  found  pass-    '""^  '^"''^       ^"■"^  '  " ' 
ing  out  from  the  heart. 

Respiration  is  effected  by  branched 
trachece,  which  take  in  their  supply 
of  air  through  paired  slit-like  open- 
ings, the  stigmata.    The  latter  are 

usually  situated   in   the   membranes  connecting  the   sterna  and 
erga  (fig.  428),  and  the  exchange  of  air  is  determined  by  the 
distinct  respiratory  movements  of  the  abdomen.    The  number  of 
stigmata  is  very  various,  but  there  are  rarely  more  than  nine  or  fewer 


the  body  of  S^Mnx  lii/uK/ri  (after 
Newport).  Mx,  maxillse  foiming  the 
proboscis;  f,  palp ;  At,  antenna;  Gs. 
brain;  Gi,  suboesophageal  ganglion 
iV,  thoracic  and  abdominal "  ganglia 
T',  oesophagus ;  T'',  suctorial  stomach 
M,  mesenteron  ;  V-m,  Malpighian  tubes 
n,  heart;  G,  testes;  £,  rectum;  A 
amis. 


534 


INSECTA, 


than  two  pairs  present.  They  are  never  present  on  the  liead  or  on 
the  last  aibdominal  segment.  They  are  least  numerous  in  the  afjiiatic 
larvie  of  beetles  and  Dipteni,  which  have  but  two  stigmata  placed  at 
the  hind  end  of  the  abdomen  on  a  simple  or  forked  tulie.  There 
are,  howevei*,  often  two  openings  on  the  thorax  in  addition.  Some 
water-bugs  {e.g.,  Nepa  lianatra,  etc.)  have  at  the  end  of  the 
abdomen  two  long  gfrooved  filaments  which  lead  at  their  base  into 
two  air  cavities.  Such  watei'-bugs  can  by  this  arrangement  take  up 
air  like  the  Dipteran  larviB,  by  protruding  the  i-espiratory  tube  on 
the  surface  of  the  water. 

The  trachecc,  (fig.  443),  which  are  kept  open  by  the  spiral  thickening 
of  the  chitinous  membrane  lining  them,  are  always  more  or  less 

perfectly  filled  with  air,  and  on 
;'./  that  account  have  usually  a  silvei-y 
shining  appearance.  Their  internal 
chitinous  membrane  is  produced  by 
an  outer  delicate  and  nucleated  cell 
layer,  and  is  throw  n  off  Avith  the 
external  cuticle  and  renewed  at 
each  moult  during  larval  life.  The 
dilatations  which  are  not  unfre- 
quently  present  in  the  course  of 
the  trachefB,  and  which,  in  strong 
flying  insects,  as  Hymenoptera, 
Diptera,  etc.,  are  enlarged  to  foi-m 
air  sacs  of  very  considerable  size, 
may  with  justice  be  compared  to 
the  ail-  sacs  of  bii-ds.  They  possess  a 
delicate  chitinous  membrane,  which 
exhibits  no  ti-ace  of  the  spiral  fibre. 
They  'therefore  collapse  with  great  ease,  and  require  for  their  filling 
special  respiratory  movements.  These  are  especially  noticeable  in 
the  relatively  clumsy  Lmnellicorns  before  their  flight.  The  arrange- 
ment and  distribution  of  the  tracheal  system  may  easily  be  described 
by  starting  with  the  origin  of  the  principal  trunks  from  the  stigmata. 
Each  stigma  leads  into  one  (or  more)  tracheal  trunk,  which  sends  out 
connecting  branches  to  the  neighbouring  trunks  and  gives  off  a  tuft 
of  much  branched  tubes  to  the  viscera.  As  a  rule,  there  are  formed 
in  this  way  two  independent  lateral  trunks,  which  communiaite  by 
transverse  tubes  and  give  off  numerous  secondary  trunks  to  the 
internal  organs.    The  finei-  branches  of  the  secondary  tubes  are  not 


Fig.  443. — Tracheal  branch  with  finer 
twigs  (after  Leydig).  Z,  Cellular 
external  wall ;  Sp,  cuticular  lining 
(spiral  fibre). 
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only  applied  externally  to  the  viscera,  but  partially  traverse  them 
and  serve  at  the  same  time  to  support  them. 

Tracheal  (/ills  are  present  in  the  form  of  leaf-like  or  filiform 
appendages  on  the  body  of  the  larvte  of  Phryganidce,  E2Jhemeridai 
(tig.  444),  and  in  the  rectum  of  the  larv;>i  of  uEschna  and  Lihellula. 


Fig.  UA.—a,  Larva  of  Ephemera  with  seven  pairs  of  tracheal  ^ills  Ki,  slightly  mftgnifiecl. 
Tk,  An  isolated  tracheal  gill,  strongly  magnified,  i,  Tracheal  system  of  an  Agrion  larva 
(after  L.  Dufour)  ;  Tnt,  tracheal  trunk  ;  Nit,  accessory  eyes. 


In  the  last  case  the  walls  of  the  rectum  are  very  muscular,  and 
are  capable  of  regularly  pumping  in  and  out  water,  thus  gi^dng  rise 
to  a  kind  of  respiratoiy  movement. 
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The  so-called  fat  bodies  «tand  in  the  clo.se.st  relation  to  respiration 
and  the  nutritive  proce.sse.s.  They  are  fat-Uke  shining  and  n,sually 
coloured,  lobed  and  globular  bodies,  which  are  distributed  beneath 
the  slau  and  between  the  organs,  and  are  e.specially  abundant  during 
larval  life.  The  chief  importance  of  these  organs  depends  on  the  part 
they  play  with  regard  to  metabolism.  They  consist  e.ssentially  of  an 
accumulation  of  superfluous  nutritive  material,  and  .seem  to  be  used 
for  nourishment  and  for  the  production  of  heat,  and  especially  during 
the  development  into  the  perfect  insect  for  the  formation  of  new 
parts  of  the  body  and  for  the  gi-owth  of  the  generative  organs.  The 
rich  cHstribution  of  the  trachea?  to  the  fat  cells  points  to  the  con- 
sumption of  a  large  amount  of  oxygen,  and  consequent!}-  to  an 
active  metabolism,  which  is  further  demonstrated  by  the  frequent 
deposition  of  nitrogenous  waste  material,  especially  of  uric  acid. 

The  phosphorescent  organs  of  the  Lampi/ridce  and  various 
Elateridm  show  a  certain  resemblance  to  fat  bodies.  These  organs 
are  delicate  plates,  which  in  Lamjpyris  are  pi-esent  on  the  ventral 
surface  of  several  of  the  abdominal  segments  and  consist  partlv  of 
pale  albuminous  cells,  and  partly  of  gi-anular  cells,  containing  uric 
acid;  richly  branched  trachefe  and  nerves  are  distributed  amongst 
these  cells.  The  pale  cells  compose  the  lower  ventral  layer  of  the 
plates,  and  it  is  this  layer  alone  which  is  phosphorescent.  These  cells, 
together  with  the  terminal  cells  of  the  tracheas,  which  are  always  verv 
numerous,  are  to  be  regarded  as  the  active  elements,  the  chemical 
changes  of  which,  under  the  influence  of  oxygen,  and  to  a  certain 
extent  of  the  nei-vous  system,  give  rise  to  the  phenomenon  of 
phosphorescence.  The  cells  of  the  upper  non-luminous  layer  of  the 
plates  contain  a  great  number  of  refractile  granules,  which,  accord- 
ing to  Kolliker,  consist  of  uric  acid  compounds,  the  final  products  of 
the  metaboli,sm  which  causes  the  phenomenon  of  phosphorescence. 

The  nervous  system  of  insects  presents  a  veiy  high  development, 
and  a  great  amount  of  ^-ariation  in  arrangement;  all  transitions 
between  a  long  ventral  ganglionic  chain,  consisting  of  about  twelve 
pairs  of  ganglia,  and  a  common  thoracic  ganglionic  mass  are  found 
(figs.  77  and  78).  The  brain  (supra-Q?sophageal  ganghon),  which  is 
placed  in  the  head,  attains  a  considerable  size.  It  presents  several 
groups  of  swellings  ;  these  are  especially  marked  in  the  Hymmoptera, 
which  have  the  highest  psychical  develojDment.  It  gives  origin  to  the 
sense  nerves,  and  seems  to  be  the  seat  of  the  will  and  of  the  p.sychical 
activity.  The  small  suboesophageal  ganglion  supplies  the  mouth 
parts,  and  cori-esponds  to  sevei'al  pairs  of  ganglia  fused  together. 
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The  ventral  chain,  which  with  its  lateral  nerves  may  be  compared 
to  the  spinal  cord  and  the  spinal  nerves,  preserves  the  primitive 
uniform  segmentation  in  most  larvae,  and  is  the  least  modified  in 
insects  with  a  free  j^rothoi-ax  and  long  abdomen.    In  such  insects, 
not  only  do  the  three  large  thoracic  ganglia,  which  supply  the  wings 
and  legs  with  nerves,  remain  separate,  though  certainly  they  are 
often  strengthened  by  the  anterior  abdominal  ganglia,  but  also  a 
larger  number  of  abdominal  ganglia.    Of  the  latter,  the  last,  which  is 
formed  by  the  fusion  of  several  ganglia  and  gives  off  numerous  nerves 
to  the  ducts  of  the  generative  apparatus  and  to  the  rectum,  is  always 
distinguished  by  its  considerable  size.    The  gradually  progi-essing 
concentration  of  the  venti-al  cord,  which  may  be  followed  out  in  the 
larval  and  pupal  development,*  is  ex- 
plained by  the  crowding  together  of 
the  abdominal  ganglia,  as  well  as  by 
the  fusion  of  the  thoracic  ganglia.  Of 
the  latter,  those  of  the  meso-  and 
meta-thorax  first  fuse  to  a  lai-ge  pos- 
terior thoracic  mass,  which  then  fuses 
■with  that  of  the  prothorax  to  form  a 
common  thoracic  mass.    When  the 
latter  is  finally  united  to  the  fused 
mass  of  the  abdominal  ganglia,  the 
highest  grade  of  concentration,  Avhich 
is  found  in  the  Diptera  and  Hemip- 
tera,  is  reached. 

The  visceral  nervous  syst&vi  is  divided 
into  the  system  of  the  oesophageal 
nerves  and  the  true  sympathetic.  In 
the  former  we  can  distinguish  unpaired 
and  jjau-ed  oesophageal  nerves.  The 
unpaired  system  springs  from  the  anterior  surface  of  the  brain  by  two 
roots,  which  unite  in  front  to  form  the  so-called  frontal  ganglion  (fig. 
445  Gfr.)  In  its  further  course  on  the  dorsal  surface  of  the  cesophagits 
it  forms  a  number  of  fine  plexuses  in  the  muscular  layer  of  that  organ 
(fig.  445).  The  paired  oesophageal  nerves  spring  on  either  side  from 
the  postex-ior  surface  of  the  brain,  and  swell  out  at  the  sides  of  the 
cesophagus  to  form  larger  ganglia,  which  also  supply  nerves  to  the  wall 
of  the  oesophagus.  A  system  of  pale  nerves,  first  described  by  Ne^vport 

*  Compare  especially  the  immer(,us  papers  of  Ed.  Brandt,  "  Ueber  die  meta- 
morphose des  Ncrveiisystems." 


Fig.  415.— Cerebial  g-anglion  and  oeso- 
phageal nerve  ganglia  of  Sphinx 
hgustri (after  Newport) .  Gfr.,  Frontal 
ganglion;  g' ,  g',  ganglia  of  the 
paired  oesophageal  nerves. 
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as  nervi  respiratorii  or  transversi,  is  to  be*  regarded  as  a  true  sympa- 
thetic. These  nerves  are  given  off  near  one  of  the  ganglia  of  tlie 
ventral  chain  fi-om  a  median  nerve  which  runs  between  the  two 
ventral  nerve  cords,  has  a  i-oot  in  the  ganglion,  and  sometimes  forms 
a  small  sympathetic  ganglion.  After  their  separation  they  again  form 
lateral  ganglia,  the  nerves  of  which  pass  into  the  lateral  nerves,  ljut 
aftei-wards  sepai-ate  again  from  the  latter,  and  after  forming  plexuses 
supply  the  ti-acheal  ti'unks  and  muscles  of  the  stigmata. 

Of  the  Sense  organs,  the  eyes*  attain  the  highest  grade  of  per- 
fection. The  unicorn eal  ocelli  are  piincipally  present  in  lai-val  life, 
but  two  or  three  of  them  are  often  present  on  the  top  of  the  head  of 
fully-developed  insects  (fig.  87).  The  facetted  eyes  are  placed  at 
the  sides  of  the  head,  and  are  found  in  the  fully- 
developed  insect  (fig.  85). 

Auditory  vesicles  with  otoliths  have  not  been  dis- 
covered in  insects.  Since,  however,  the  capacity  of 
perceiving  sound  can  scarcely  be  donbted  foi-  numerous 
insects,  and  especially  for  those  which  are  capable  of 
producing  sound,  w^e  ai-e  forced  to  presuppose  the 
existence  of  some  organ  for  the  perception  of  sound. 
In  fact,  in  the  springing  Ortho2')tera  apparatuses  can 
be  pomted  to  which  probably  serve  as  acoustic  organs 
for  the  peix-eption  of  sound  waves.  In  the  Acridicn 
these  are  placed  at  the  sides  of  the  first  abdominal 
segment  close  behind  the  metathorax  (fig.  66,  h),  in 
the  Gryllodece  and  Locustidce  in  the  tibiae  of  the 
anterior  legs,  jnst  beneath  the  articulation  of  the 
femora  (fig.  446).  In  this  region  a  tracheal  trunk 
dilates  between  two  lateral  membranes  so  as  to  form 
a  vesicle,  on  which  are  spi-ead  out  the  end  cells,  pro- 
vided mth  so-called  nerve  rods,  of  a  nerve  springing 
from  the  fii-st  thoracic  ganglion  (fig.  447).  Peculiar 
sense  organs  have  also  been  discovered  in  the  posterioi-  wuigs  of 
beetles  and  in  the  halteres  of  flies. 

Shining  nerve  rods  have  been  found  by  Leydig  in  the  nerves  of 

*  Compare  especially  Leydig,  "  Zum  feineren  Bau  der  Artliropoden,  sowic 
Geruchs-und  Gehoro^gane der  Krebso  mid  Insecten."    MulJer\'<  Archir,  1855  and 

1860.  u  ^ 

H.   Grenacher,    "  Untersuchungen  iiber  das  Sehorgan  der  Arthropodcn. 

Gbttingen,  1879.  ,^ 

Also  V.  Graber,  "Die  tympanalen  Siunesurgaiie  der  Orthoptercn. •  Wien, 

1875. 


Fig.  -146.  —  Tibia 
of  the  anterior 
leg  of  Locusfa 
oiridisi'ima  (after 
V.  Graber).  Ti/, 
tympanic  mem- 
brane with  oper- 
culum. 
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the  antennte,  the  palps,  and  legs,  under  conditions  which  render  it 
possible  that  these  nerves  have  the  value  of  tactile  nerves,  and  this  is 
the  more  probable  since  the  sense  of  touch  is  principally  discharged  by 
the  antennje  and  the  palps  of  the  oral  apparatus,  as  well  as  by  the 
tarsal  joints  of  the  legs. 

Olfactory  organs  are  very  generally  distributed,  as  might  have 
been  expected  from  the  developed  capability  of  tracking  which  many 
insects  possess.  It  may  be  regarded  as  fairly  certain  that  the 
surface  of  the  antennfe  is  the  seat  of  the  olfactory  sense.  Formerly, 
in  accordance  with  the  views  of  Erichson,  the  numei'ous  pits  which 
are  found,  for  instance,  on  the  leaf -shaped  antennse  of  the  Lamelli- 
cornia,  were  interpreted  as  olfac- 
tory pits ;  but  it  is  more  correct  to 
regard  with  Leydig  the  peculiar 
cones  and  knobs  of  the  antennse 
which  are  connected  with  gangliated 
nerve  endings  as  olfactory  organs. 

The  reproductioii  of  insects  is 
principally  sexual.  The  male  and 
female  generative  organs  are  always 
placed  in  different  individuals ;  but 
they  coi'respond  in  their  position  and 
parts,  and  in  their  opening  on  the 
ventral  surface  of  the  hind  end  of 
the  body.  The  testes  and  ovaries 
are  provided  with  paii-ed  ducts  end- 
ing in  an  unpaired  portion  (fig.  91). 
The  first  rudiments  of  the  genital 
organs  may  be  traced  back  to  a  fig.  u? 
very  early  stage  of  the  embryonic 
development.  Their  development, 
however,  is  only  completed  in  the 
latest  period  of  larval  life,  or  in  insects  with  complete  metamorphosis 
during  the  pupal  stage.  In  rare  cases  the  full  development  and 
maturity  of  the  sexual  organs  is  never  completed,  as  in  the  so-called 
sexless  Hymenojotera  (working  bees,  ants)  and  termites,  which  are 
incapable  of  reproduction. 

The  males  and  females  are  distinguished  by  more  or  less  important 
external  differences  in  various  parts  of  the  body;  sometimes  these 
differences  lead  to  a  marked  sexual  dimorphism.  The  males  are 
almost  always  more  slenderly  formed,  and  are  capable  of  quicker  and 


A  portion  of  the  nerve  termina- 
tion in  the  anterior  leg  of  Locusta  ciH- 
dissima  (after  V.  Graher).  If,  nerve ; 
Gz,  ganglion  cells;  Sf,  rods  in  the 
terminal  cells. 
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easier  movement.  They  liave  larger  eyes  an.l  aiitenna.,  and  their 
colours  are  brighter  and  more  striking.  When  there  is  a  pronounced 
dimorphism  the  females  are  apterous,  and  their  form  approximates  to 
that  of  the  larva  {Coccidce,  Psychidce,  Strepsiptera,  Lam'pyris),  while 
the  males  are  jsrovided  with  wings. 

The  female  generative  organs  are  composed  of  paired  ovaries  and 
oviducts,  the  unpaired  o\-iduct,  the  vagina  and  the  external  genital 
apparatus.  The  ovaries  are  elongated  tubes,  in  which  the  eggs 
originate.  The  ova  lie  one  behind  another  in  a  single  row^  like  a 
string  of  pearls,  increasing  in  size  from  the  blind  end  to  the  opening 

into  the  oviducts  (fig.  91,  a).  The 
arrangement  of  these  ovarian 
tubes    presents  extraordinary 
variations,  and  there  thus  ori- 
ginates a  great  number  of  dif- 
ferent forms  of  ovary,  which 
have  been  described  principally 
in  the  beetles  by  Stein.  The 
number  of  the  ovarian  tubes 
also  varies  exceedingly,  being 
least  in  some  Rhynchota,  and 
then   in   the    butterflies,  the 
latter  ha\T.ng  on  each  side  only 
four  very  long  ovarian  tubes, 
which  are  many  times  folded 
(fig.  448).    At  their  lower  ends 
the  ovarian  tubes  on  either  side 
open  into  the  dilated  commence- 
ment of  the  OA-iduct,  which  joins 
with  that  of  the  other  side  to 
foi-m  a  median  oviduct.  The 
lowei-  end  of  the  latter  repre- 
sents  the   vagina,   and  often 
receives,  near  the  genital  aperture,  the  ducts  of  special  cement  and 
sebaceous  glands  [glandulce  sehaceoi),  the  secretion  of  which  is  used  to 
surround  and  fasten  the  eggs  which  ai-e  about  to  be  laid.  In 
addition  to  these  glands,  the  unpaii-ed  efferent  duct  of  the  genital 
apparatus  is  very  commonly  furnished  ^\'itll  one  or  several  usually- 
stalked  rece2}tacula  seminis  (fig.  449),  in  which  the  semen,  often 
introduced  in  the  form  of  spe^^matophores,  retains  its  fertilizing 
propei'ties  for  a  long  time,  sometimes  for  years,  under  the  in- 


FiG.  4.18.— Female  sexual  organs  of  Vancsm 
ttriic(B  (after  Stein).  Ov,  The  ovarian  tubes 
cut  off ;  Sc,  receptaculum  seminis  nnd 
accessoiy  glands;  I'a,  vagina;  Be,  bursa 
copulatris  with  rtiict  leading  to  the  oviduct ; 
Dr,  glandular  appendage  ;  Dr  ',  glandula? 
sebacese ;  H,  rectum. 
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Fig.  449.— Terminal  region  of 
the  female  generative  organs 
of  Mnncii  domestica  (after 
Stein).  Od.  Oviduct,  Sc,  the 
three  receptacula  seminis ; 
Dr,  glandular  appendages 
of  the  vagina;  Bl.  blind 
sac-like  appendage. 


iiitence  of  the  secretion  of  an  accessory  gland.  Beneath  the  recepta- 
cuhim  seminis,  a  large  pouch-like  diverticulum,  the  bursa  co2Julatrix, 
which  assumes  the  fiinction  of  the  vagina,  is  sometimes  separated 
from  the  vagina.  In  the  buttei'flies  (fig.  448)  a  narrow  duct  serves 
to  convey  the  sperm  from  this  bursa,  which 
opens  separately,  to  the  receptaculum. 

The  male  generative  organs  consist  of 
paired  testes  and  theii'  vasa  deferentia,  of 
a  common  ductus  ejaculatoiius  and  of  the 
external  copulatory  organ  (fig.  450).  The 
testes  are  long  blind  tubes,  w^hich  are  present 
either  singly  or  in  number  on  either  side, 
and  are  often  coiled  together  so  as  to  form  a 
seemingly  compact  brightly-coloured  body. 
They  may  also  be  united  to  form  an  unpaired 
organ  in  the  middle  line.  The  testicular 
tubes  are  prolonged  on  either  side  into  a 
usually  coiled  efferent  duct  or  vas  defei-ens, 
the  lower  end  of  which  dilates  considerably, 
and  may  even  swell  out  to  the  form  of  a 
vesicle  (vesicula  seminalis).  At  the  point 
where  the  two  vasa  deferentia  join  to  form  the  muscular  ductus 
ejaculatorius,  one  or  more  glandular  tubes  often  pour  their  coagulable 
secretion  into  the  latter;  the  secretion  serving  to  form  a  case 
round  the  balls  of  spermatozoa.    The  transference  of  the  spermato- 

phores  into  the  body  of  the  female 
is  effected  by  a  horny  tube  or 
groove  which  surrounds  the  end 
of  the  ductus  ejaculatoiivis.  This 
tube,  when  not  in  use,  usually  lies 
retracted  in  the  abdomen,  and 
when  protruded  is  surrounded  by 
external  organs  for  attachment 
(valves  or  pincers),  as  by  a  sheath. 
In  exceptional  cases  {Libellula)  the 
copulatory  apparatus  which  serves 
to  transfer  the  sperm  is  remote 
from  the  generative  opening,  as  in 
the  male  spiders,  being  placed  on 
the  ventral  .side  of  the  enlarged  second  abdominal  segment. 

Almost  all  insects  are  oviparous,  and  only  a  few,  as  the  Tachi7ice, 


Fic.  450.  Male  generative  organs  of  the 

Cockchafer ;  (after  Gegenbam-).  T,  Tes- 
tes; Vd,  dilated  portion  of  the  seminal 
duct;  Dr  coiled  accessory  gland. 
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some  of  the  (Estrido'  and  of  the  Pu2n]mra,  ai-e  x-iviparous.  A.s  a 
rale,  the  eggs  are  laid  i^ihortly  after  fertilization,  and  before  the 
commencement  of  the  development  of  the  embryo.  In  i-are  cases 
the  embryo  is  already  formed  when  the  egg  is  laid.  In  the  last  case 
the  segmentation  and  foi-mation  of  the  eml)ryo  take  phice  in  the  vagina 
(fig.  451).  The  fertilization  of  the  egg  usually  takes  place  during 
its  passage  through  the  oviduct,  at  the  place  where  the  receptaculum 
seminis  opens.  Since  the  eggs  become  invested  with  their  resistant 
cho)-io7i  in  the  ovarian  tubes,  from  the  epithelial  cells  of  which  they 
originate  for  the  most  part  during  the  larval  life,  it  is  necessary 
that  thei-e  should  be  special  arrangements  which  render  possible  the 
entry  of  the  spermatozoa  and  the  fertilization  of  the  ovum.  For  this 
object  there  exist  on  the  upper  pole  of  the  egg  (the  pole  turned 
towards  the  egg-tubes  during  the  passage  of  the  egg)  one  or  more 

pores  known  as microjjyhs* 
which  pierce  the  chorion 
and  present  a  characteristic 
form  and  arrangement  (fig. 
452). 

The  ova  originate  in  the 
narrow  terminal  poi-tion  of 
the  egg-tubes,  which  is 
often  prolonged  into  a  thin 
thread.  Here  the  gi-owth 
of  the  egg-tube  takes  place, 
as  well  as  the  differentiation 
of  its  contents  into  egg  cells  and  ovarian  epithelium.  The  ovarian 
tubes  inci-ease  continuously  in  diameter  towards  the  oviduct,  in 
correspondence  with  the  gradual  increase  of  size  undergone  by  the 
eersrs,  which  are  arranged  one  behind  another  in  its  lumen.  Each 
egg  occupies  a  chamber,  and  obtains  an  external  resistant  mem- 
bi-ane  {chorion),  which  is  secreted  by  the  epithelium  which  lines  the 
chamber.  The  chorion  shows  in  its  external  markings  the  pecu- 
liarities of  the  epithelium  from  which  it  was  formed. 

Besides  this  type,  which  is  found  in  Pulex  and  in  many  of  the 
Neuro'ptera  and  Orthoptera,  there  is  a  second  t^-pe  of  ovarian  tube, 
distinguished  fi-om  the  first  by  a  more  complicated  structure  of  the 
ovarian  chambers.    The  lumen  of  such  egg-tubes  encloses  above  the 

*  Compare  R.  Leuckart,  "  Ue'oer  die  Mikropyle  und  den  feineren  Bau  der 
Schalenhaut  bei  dcii  Insectcn."    MiiUer's  Arohk:,  1855. 


Fid.  451. — Female  generative  organs  of  the  \'iviparous 
MelojihiiffMs  ovinun  (Pupipara)  (after  U.  Leuckart). 
Ov,  Egg'  in  the  ovarian  tube  of  one  side ;  Tit, 
uterus ;  Dr,  the  glands  opening  into  the  uterus ; 
T'(/,  vagina. 
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ovum  a  single  (Forficula),  or  a  number  of  yolk-forming  cells  (nutri- 
tive cells),  so  that  we  can  clisting-uisli  in  the  egg-tube  alternate  yolk 
and  germ  compartments  (fig.  453,  a  and  h).  In  rare  cases  (Aphides) 
there  is  at  the  end  of  each  egg -tube  a  common  lai-gei-  chamber  of  yolk 
cells,  which  are  connected  ^vith  the  egg-chambers  by  means  of  "  yolk- 
cords"  (fig.  453  c). 

Parthenogenesis  and  Heterogamy. — In  cei-tain  insects,  partheno- 
genesis, i.e.,  spontaneous  development  of  unfertilized  ova,  has  been 
sho^ra  to  obtain ;  this  occurs  in  the 
Psychidce  [Psyche),  Tineidce  (Solenohia), 
Coccidce  {Lecanium,  As2ndiotus)  and 
Chermes ;  also  in  numerous  Hymenoj)- 
tera,  especially  in  Bees,  Wasps,  Cynipidce, 
and  Tenthredinidce  [Nematus).  In  the 
Hymenoptera  which  live  together  in 
the  so-called  animal  communities,  male 
forms  only  are  produced  from  the  unfer- 
tilized ova  {arrentokia).  Chermes  affords 
an  example  of  Heterogamy,  in  that  two 
difierent  oviparous  generations  follow 
one  another;  a  slender  and  winged 
summer  generation,  and  an  apterous 
generation  which  is  found  in  autumn 
and  spring  and  lives  through  the  winter : 
the  males  are,  in  most  cases,  not  yet 
known.  The  closely-allied  Aphides  (plant- 
lice),  which  were  formerly  supposed  to 
present  the  phenomenon  of  an  alterna- 
tion of  generations,  behave  in  a  similar 


manner.    In  them  the  summer  genera - 


Fig.  452. — Micropyles  {Mk)  of  insect 
eggs  (after  E.  Leuckart).  a, 
upper  part  of  the  egg-shell  of 
AnfhomyUi;  h,  egg  of  Drosopliila 
cellarig;  c,  stalked  egg  of  Pankcus 
testaceug. 


tions  are  very  numerous,  and  are  suc- 
ceeded by  a  sexually-developed  autumn 
generation,  which  includes  winged  males 
as  well  as  the  oviparous  and  often  ap- 
terous females  (fig.  97,  a,  h).  In  the 
spring,  vivipai-ous  Aphides  are  developed 
from  the  fertihzed  eggs.  These  are  mostly  ^^dnged  (fig.  99),  and  in 
theii-  organisation  closely  resemble  true  females.  Their  reproduc- 
tive organs  are,  however,  difierently  constructed,  and  are  without 
the  receptaculum  seminis.  Since  they  never  copulate,  the}^  have 
often  been  regarded  as  asexual  forms  provided  with  germ  tubes. 
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The  germ  iippuutus,  liowever,  of  the  so-ctilled  Aphide  asexual 
generation  not  only  has  a  very  gi-eat  resemblance  to  the  female 
generative  apparatus  of  insects,  but  the  structure  and  mode  of  origin 
of  the  germ  seems  to  agree  so  closely  with  that  of  the  ovum  that 
the  viviparous  Aphides  must  be  considered  as  a  peculisirly  organised 
generation  of  females,  the  genital  apparatus  of  which  has  undergone 
some  simplifications  adapted  to  parthenogenesis.  However  that  may 
be,  it  will  be  convenient  in  this  case  to  call  the  ovary  the  pseudcycary, 
iind  the  ova  which  originate  in  it  and  are  incapable  of  fertilization, 
the  2)seudova.    From  this  point  of  view  the  reproduction  of  some 


c 


Pio.  453.— (7,  Egg  tube  of  Forficula.   Nz,  Nutritive  cells  ;  Ez,  ovum ;  OB,  epithelium  of  the 
wall  of  the  egg  tube,    b.  Median  part  of  the  egg  tube  of  a  Moth.    Nz,  nutritive  cells  of 
the  yolk-chamber ;  Ez,  ovum  in  the  germ-chamber ;  H,  connective  tissue  investment, 
so-called  serosa,  c,  Egg-tube  oiAphi>i}il<itanoides  witli  three  ovarian  cham)jer8(£'r— 
and  the  terminal  nutritive  chamber  with  its  cells  2fz.   Ds,  yolk  cord. 

Diptera  [Gecidomyia,  Miastor,  fig.  TOO),  which  can  reproduce  them- 
selves while  still  in  the  larval  stage,  may  be  explained. 

The  development  of  the  embiyo  takes  place  as  a  rule  outside  the 
body  of  the  mother,  and  occupies  a  longer  or  shorter  period  of  time, 
according  to  the  temperature  and  the  time  of  the  year.  The  centi-o- 
lecithal  segmentation  leads  to  the  foi-mation  of  a  sitperficial  blastoderm, 
which  surrounds  the  ovum,  and  always  consists  of  a  single  layer  of 
cells.  A  part  of  this  blastodei-m,  on  that  side  of  the  ovum  which  the 
later  history  shows  to  be  ventral,  becomes  thickened  and  sharply 
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mai'ked  off  from  the  rest,  and  forms  tiie  sti-uctui-e  known  as  the 
ventral  plate,  which  constitutes  the  first  rudiment  of  the  head  and 
ventral  half  of  the  embryo. 

In  many  cases  [Rhynchota  Libellula)  the  ventral  plate  gi-ows  out 
from  a  hill-like  thickening  of  the  blastoderm  (fig.  454)  into  the 
interior  of  the  yolk,  so  that  an  internal  ventral  plate  arises,  in  the 
foi-mation  of  which  a  portion,  though  a  small  one,  of  the  external 
blastoderm  participates.  The  ventral  thickening,  which  gives  rise  to 
the  ventral  plate,  is  caused  by  long  columnar  cells,  and  is  at  first 
confined  to  a  small  portion  of  the  egg ;  in  Hydrophilus  the  posterior 
end  (fig.  455,  a).    Inasmuch  as  its  lateral  edges  become  elevated 


Pig.  454 -Embryonic  development  of  Calopteryx  virgo  (after  Al.  Brandt),    a,  Commencm^ 

the  poles.   G,  edge  of  ventral  plate,    i,  Later  stage  of  the  involution,  c.  The  embryonic 
membranes  are  developed;  ip,  pai-ietal  (serosa);  i„,  visceral  (amnion)  layer  of  theSer 
<?^The  appendages  have  sprouted  out  on  the  ventraJ  plate,    i,  Antenna  f  ^/fman  Sle 
M.',  first  maxilla;  M.,  second  maxilla  (labium  or  lower  lip).    ThenfoUow  tl^rpah-s  of 
legs      Byersxon  of  the  embryo  which  is  protruded  from  the  sheath  of  tt  Xceranlyef 

and  ^ow  towards  one  another  (fig.  455,  c),  the  thickened  ventral 
plate  first  assumes  the  form  of  a  gi^oove,  and  then,  after  the  fusion  of 
the  lateral  edges,  becomes  a  canal,  the  lumen  of  which  is  soon 
obhtexuted.  The  roof  only  of  this  canal  corresponds  to  the  epiblast, 
wlu^  the  cells  of  xts  floor  and  its  sides  give  rise  to  the  first  x-udimen 
of  the  mesoblast.    At  the  edge  of  the  so-called  ventral  plate,  fresh 
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folds  are  then  formed  ;  these  lead  to  tlie  formation  of  the  embryonic 
membranes,  which  are  so  characteristic  of  insect  de^'elopment.  In 


Fig.  455.— Development  of  the  embi-yo  of  Hi/drophilns  piceiis  (after  Kowalevski).  a,  Shield- 
like  ventral  plate  with  raised  edges,  h,  The  edges  are  ah-eady  growing  together  in  the 
middle,  c,  The  groove  is  almost  entirely  closed,  d,  The  tail  fold  of  the  embryonic 
membranes  has  gi-own  over  the  posterior  end  of  the  closed  groove  and  is  gradually 
extending  forward ;  Am,  Amnion,  e,  The  embryonic  membranes  have  almost  entirely 
grown  over  the  embryo.  /,  The  embryonic  nidiment  beneath  the  completely  closed  mem- 
branes ;  with  seventeen  primitive  segments  :  Kl,  Procephalic  lobes;  A,  antennffi.  ff,  The 
ventral'plate  extends  along  the  whole  length  of  the  venti-al  surface.  The  bi-lobed  upper  lip 
is  present,  also  the  antenure,  (A)  the  jaws,  and  the  first  rudiments  of  the  legs;  rudimentary 
appendages  are  present  on  the  seventh  segment  as  prominences.  On  the  abdommal 
secrments  there  are  round  invaginations,  the  first  rudiments  of  trachea; ;  there  is  a 
longitudinal  groove  from  mouth  to  anus.  //,  The  ventral  plate  covers  the  whole  ventral 
surface  of  the  ovum;  the  openings  of  the  invaginations  (stigmata)  have  become  small; 
rudimentary  extremities  are  still  present  on  the  fli-st  abdominal  segment.  The  ganglia 
of  the  ventral  chain  have  appeared.  /,  Viewed  from  the  dorsal  surface  the  so-called 
dorsal  plate  has  closed  up'  to  a  tube;  Oc  is  its  opening.  The  embiyo  just  before 
hatching  seen  from  the  ventral  side. 

Eydrophilus  these  folds  grow  together  over  the  ventral  plate  from 
behind  forwards,  and  fuse  with  one  another,  so  as  to  give  rise  to  an 
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external  and  internal  membi-ane,  the  formei-  being  called  the  serous 
membrane,  and  the  latter  the  amnion  (fig.  455,  d,  e). 

Simultaneously  with  the  above-mentioned  appearance  of  the 
membranes  (in  other  cases  at  an  earlier  stage  of  development)  the 
ventral  plate  becomes  divided  into  two  symmetrical  halves,  the 
germinal  hands,  which  become  divided  by  transverse  constrictions  into 
segments  (up  to  17).  Fii-st  of  all  three  cephalic  segments,  on  which 
the  oral  appendages  are  subsequently  developed,  make  their  appear- 
ance behind  the  procephaiic  lobes,  which  bear  the  first  rudiments  of 
the  antennae.  Behind  these  the  i-est  of  the  ^jrw^ititwe  segments 
[mesoblastic  somites)  are  successively  marked  ofi". 

Inasmuch  as  the  germinal  bands  become  strongly  contracted,  their 
dorsally  bent  round,  terminal  portion  becomes  drawn  more  and  more 
towards  the  lower  part  of  the  egg,  while  their  lateral  parts  gradually 
grow  round  the  yolk  to  form  the  dorsal  surface  of  the  embryo 
(fig.  455,  /,  g,  h).  With  these  changes  the  body  of  the  embryo 
has  assumed  a  closed  form  :  it  now  possesses  mouth  and  anus,  the 
first  rudiments  of  the  internal 
organs  and  the  external  appen- 
dages of  the  segments,  and  is  soon 
i-eady  to  escape  from  the  egg  and 
begin  its  independent  life. 

In  ffi/drophilus  and  the  Phry- 
ganidce,    peculiar  differentiations 
appear  on  the  dorsal  surface,  giving  rise  to  a  dorsal  plate,  which  later 
on  becomes  folded,  so  as  to  form  a  dorsal  canal  (fig.  455,  i). 

The  post-embryonic  development  takes  place,  as  a  rule,  by  means 
of  metamorphosis,  the  form,  organization  and  mode  of  life  of  th*e 
yoiing  animal,  after  hatching,  being  difierent  from  that  of  the 
sexually  adult  animal.  It  is  only  in  the  lowest  forms,  the  partly 
parasitic  A2)tera,  both  sexes  of  which  are  without  wings,  that  the 
young  leave  the  egg  as  perfect  animals  {Insecta  ametahola). 

In  those  insects  which  pass  through  a  metamorphosis,  the  manner 
and  degi-ee  of  the  transformation  differs  greatly,  so  that  the  dis- 
tinction of  a  complete  and  an  incomplete  metamorphosis,  which  was 
formerly  employed,  seems  to  be  in  a  certain  degree  justified. 

In  the  case  of  the  incomplete  metamorphosis  {Rhynchota,  OrtJwiotera) 
the  development  of  the  larva  into  the  perfect  winged  insect  presents 
a  number  of  stages,  during  which  the  larva  is  capable  of  free  locomo 
tion  and  of  nourishing  itself.   During  these  stages,  which  are  marked 
by  successive  ecdyses,  it  gradually  acquires  wings  and  increases  in  size 


Fig.  456. — JEschna  larva  with  rudimentary 
wings  and  mask. 
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the  rudiments  of  tlie  generative  organs  are  further  developed,  and  it 
becomes  moi-e  and  more  like  the  winged  insect.  In  the  simplest  cjise 
the  mode  of  life  and  the  organization  of  the  young  larvae  closely 
resemble  those  of  the  sexually  adult  animal,  as  for  instance  in  the 
Hem'qytera  and  Ortho'pte.ra  yeiiitma,  hnt  in  other  cases  the  adult  and 
larva  may  differ  considerably,  although  not  so  much  so  as  in  insects 
with  complete  metamorphosis ;  for  instance,  the  larvae  of  the 
EphemeridjB  and  the  Libellulidae  live  in  another  medium  and  inci'ease 
in  size  under  different  conditions  of  nourishment  (fig.  456). 

The  metamorphosis  is  only  said  to  be  complete  in  those  forms  in 
which  the  larva  passes  through  a  quiescent  stage,  in  which  it  is 
known  as  a  ^jzt^ja  and  does  not  take  nourishment.     With  this  stage 


Fig.  457.— Metamorphosis  of  Sitaris  hiimeraUs  (after  Fabre).  a,  First  larval  form,  h.  Second 
larval  form,    c.  Pseudo-pupa,    d,  TMrd  larval  form,   e,  Pnpa. 

the  larval  life  ends  and  the  life  of  the  winged  insect  {Imago)  begins. 
The  larvfe  of  insects  with  complete  metamorphosis  differ  from  the 
sexual  animal  to  such  an  extent  in  mode  of  life  and  nourishment,  in 
the  form  of  the  body  and  in  the  whole  organization,  that  though  the 
parts  of  the  body  peculiar  to  the  winged  insect  are  prepared  and 
established  in  larval  life,  yet  a  longer  or  shorter  period  of  quiescence, 
in  a  certain  sense  a  second  embryonic  period,  seems  necessary,  dunng 
which  the  essential  alterations  of  the  internal  organs,  as  well  as  the 
consolidation  of  the  newly-established  external  parts,  are  effected 
(liyjjer metamorphosis,  Meloid?e,  fig.  457). 

In  the  form  of  their  body  and  the  homonomous  segmentation, 
the  larvje  recall  Annelids,  with  which  they  also  often  have  in 
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common  the  uniform  segmentation  of  the  ganglionic  chain.  Never- 
theless, it  is  probable  that  only  a  proportionately  few  of  the 
larval  foi-ms  have  preserved  the  primitive  form,  and  have  a  phylo- 
genetic  significance  {Orthoptera).  In  most  cases  the  insect  larv»  owe 
then-  special  peculiarities  to  secondary  adaptations.  In  exceptional 
cases,  the  metamorphosis  may  be  distinguished  by  quite  special  larval 
forms,  as  for  instance  in  the  Pteromalina  {Platyy aster,  Teleas),  the 
eggs  of  which  are  laid  in  other  insect  larvte  (fig.  458). 

The  lowest,  usually  parasitic  larvae  are  quite  vermiform,  and  are 
without  limbs  or  a  separate  head,  the  latter  being  represented  by  the 
anterior  rings  of  the  body  imayyots  of  DipUra  and  of  numerous 


Fig.  458.— Larval  forms  of  three  species  of  Flatygoster  (after  Ganin).  a,  h,  c,  Cyclops-like 
larval  stages  with  claw-like  jaws,  cephalothoracic  shield  and  abdomen,  d.  Second  larval 
stage,   e,  Thii-d  lai-val  stage. 

Hymeno2)tera,  fig.  66,  a).  In  other  cases  there  is  indeed  a  separate 
cephalic  region,  but  the  following  thoracic  and  abdominal  segments 
are  entirely  without  appendages.  The  larvje  of  the  Neuroptera,  of 
many  beetles,  of  the  Tenthredinidce  said  butterflies  (caterpillars),  have, 
on  the  contrary,  jointed  appendages  on  their  three  free  thoracic  seg- 
ments, and  frequently  also  a  greater  or  less  number  of  rudimentary 
appendages,  the  so-called  prolegs,  on  their  abdomen.  There  are  two 
rudimentary  antennre  on  the  heads  of  these  larvse,  and  a  varying 
number  of  simple  eyes.  The  mouth  parts  are,  as  a  rule,  adapted 
fox-  biting,  even  when  the  adult  animal  has  a  suctorial  tube,  but,  ^vith 
the  exception  of  the  mandibles,  they  are  usunlly  rudimentary.  The 
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mode  of  nourishment  of  the  larviy  varies  very  greatly  ;  Vjut  their  diet 
is  for  the  most  ptirt  vegetable,  which  stands  in  gi-eat  abundance 
at  the  disposal  of  the  quickly-growing  body.  The  larva  usually 
vindergoes  four  or  five,  rarely  a  greater  number  of  moults,  and  in 
the  course  of  its  gi-owth  gradually  assumes  the  form  of  the  winged 
insect,  not  in  all  cases  by  the  direct  transformation  of  parts  ali-eady 
present,  but  sometimes  only  aftei-  essential  processes  of  new 
formation. 

In  this  respect,  however,  there  are  considerable  differences,  the 
extremes  of  which  are  represented  in  the  DijJtera  by  the  genera 
Gorethra  and  Musca.  In  the  case  of  Corethra,  the  larval  segments 
and  the  appendages  of  the  head  are  transformed  directly  into  the 
corresponding  parts  of  the  perfect  insect,  while  after  the  last  larval 
ecdysis  the  limbs  and  wings  are  formed  from  the  imagined  discs. 
The  imaginal  discs  are  dei-ived  from  the  liypodermis  of  the  larva. 

The  muscles  of  the  abdomen  and  the  other 
systems  of  organs  pass  unaltei-ed,  or  with 
but  little  alteration,  into  those  of  the 
adult  animal.  The  thoracic  muscles,  on 
the  contrary,  originate  as  fresh  formations 
from  rows  of  cells  already  established  in 
the  egg.  With  these  sKght  changes,  the 
Fig.  458./— Imago  of  PUtygcuter  active  life  of  the  pupa  and  the  small  de- 
(aiter  Ganm).  velopment  of  the  fat  body  are  in  necessary 

correlation.  In  Musca,  on  the  contrary,  the  pupa  of  which  is  quiescent 
and  enclosed  in  a  firm  barrel-shaped  membrane  and  contains  a  large  fat 
body,  the  body  of  the  adult  animal,  with  the  exception  of  the  abdomen, 
arises  by  extensive  transformations  of  the  larva.  The  head  and  thorax 
are  developed  from  imaginal  discs,  which,  already  established  in  the 
egg,  become  developed  in  the  larva  on  the  investing  membrane  of  the 
nerves  or  trachete.  It  is  not  until  the  pupal  stage  that  these  discs 
grow  together,  and  give  rise  to  the  head  and  thorax.  Every  thoracic 
segment  is  composed  of  two  pairs  of  discs  (a  dorsal  and  a  ventral), 
the  appendages  of  which  represent  the  later  wings  and  legs.  All  the 
systems  of  organs  of  the  larvae  are  said  to  undergo  a  disruption 
during  the  protracted  pupal  stage  as  a  result  of  the  (recently, 
however,  contested)  process  of  so-called  histolysis,  and  are  replaeeil 
by  new  formations  by  aid  of  the  fat  body  and  the  giunular  spheres 
arising  from  the  latter. 

When  the  larva  has  attained  a  certain  size  and  degree  of  develop- 
ment, i.e.,  wheji  it  is  fully  grown  and  provided  with  the  food 
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material  requii-ed  for  its  future  changes,  in  the  form  of  the  enormously 
developed  fat  body,  it  is  ready  to  enter  on  the  pupal  stage.  The 
larvje  of  many  insects  prepare  above  or  below  the  ground,  by  means 
of  their  spinning  glands,  a  protective  web,  in  which,  after  casting 
their  skin,  they  enter  the  pupal  stage  {Chrysalis).  The  external 
parts  of  the  body  of  the  winged  insect  either  He  against  the  common 
horny  skin  of  the  pupa,  so  that  they  are  recognizable  as  such 
{Lejndoptera,  2nipa  ohtecta),  or  they  already  stand  out  freely  from  the 
body  {CoUopUra,  pupa  libera).  This  distinction  is,  however,  an  un- 
important one,  since  in  the  first  case  the  limbs  are  free  jirst  after  the 
ecdysis,  and  are  only  cemented  afterwards  by  the  hardening  cuticular 
layer.  If  the  pupa  remains  enclosed  by  the  last  larval  skin  {Mius- 
cidce)  it  is  termed  pujxt  coarctata. 

In  all  eases  the  body  of  the  winged  insect  lies  with  its  external 
parts  sharply  marked  in  the  pupa,  and  the  special  object  of  the  pupal 
life  is  to  complete  the  changes  of  the  internal  organisation  and  the 
maturity  of  the  sexual  oi-gans.  When  this  is  accomplished  the 
winged  insect  bvirsts  the  pupal  skin,  forces  its  way  out  by  means  of 
antennaj,  wings  and  legs,  and  expands  those  parts  which  have  been 
folded  together,  undei-  the  influence  of  violent  inspirations,  by  which 
the  trachea?  become  filled  with  air.  The  chitinous  covering  becomes 
harder  and  harder,  the  urinary  secretion  which  has  accumulated 
diu'ing  the  pupal  sleep  is  ejected  from  the  rectum,  and  the  insect 
is  capable  of  performing  all  the  functions  of  the  sexually  adult 
animal. 

The  mode  of  life  of  insects  is  so  vai-ied  that  it  is  hardly  possible 
to  give  a  general  account  of  it.  The  diet  is  both  animal  and  vege- 
table, and  is  taken  in  the  most  varied  forms,  eitliei-  solid  or  fluid,  and 
fresh  or  decaying.  Plants  are  especially  subject  to  the  attacks  of 
insects  and  their  larvse,  and  there  exists,  perhaps,  no  Phanerogam 
which  does  not  afford  nourishment  to  one  or  more  species  of  insects. 
On  the  other  hand,  insects  seem  useful  or  even  necessary  to  the  well- 
being  of  the  vegetable  world,  for  in  many  cases — e.g.,  many  flies, 
bees,  and  butterflies — they  bring  about  fertilization  by  carrying  the 
pollen  to  the  stigmata  of  flowers. 

The  complex,  often  marvellous,  and  apparently  intelligent  actions 
performed  by  insects  correspond  to  the  perfection  with  which  the 
vegetative  organs  discharge  their  functions.  Such  actions  are 
largely  carried  out  instinctively  by  the  mechanism  of  .the  organi- 
sation, but  they  certainly  in  part  depend  upon  psychical  processes, 
since  they  presuppose  memory  and  judgment,  in  connection  with 
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the  liighly-developed  perceptive  powers  of  the  sense  organs  The 
animal  enters  the  world  with  instinct,  but,  in  order  to  perforin  acts 
dependmg  on  memory  and  judgment,  it  must  first  acquire  the 
necessary  psychical  conditions  by  sense  perceptions  and  experience 
{bees).  In  the  inherited  orga,nisation  are  latent  all  those  capal^ilities 
which  have  been  acquired  in  the  gradual  processes  of  phylogenetic 
modifications  and  af  the  expense  of  psychical  forces,  and  huve,  at 
last,  as  the  result  of  frequent  use,  become  automatic  and  a 
pure  mechanical  property  of  the  organism. 

The  instinctive  and  psychical  manifestations  tend  dii-ectly  to  the 
preservation  of  the  individual  by  providing  ways  and  means  for  the 
acquisition  of  food  and  for  protection,  but  there  is  a  special  instinct 
tending  to  the  preservation  of  the  species  and  the  care  of  the  young. 
The  most  simple  example  of  the  latter  is  to  be  found  in  the  judicious 
deposition  of  the  eggs  in  protected  localities,  and  on  plants  suitable 
for  the  nourishment  of  the  just-hatched  animal.  The  actions  of  the 
mother  become  more  complicated  in  those  cases  in  which  the  larv» 
develop  in  specially  prepared  places,  and  have,  as  soon  as  hatched,  to 
meet  with  the  requisite  amount  of  suitable  nutritiA-e  material  {Sjyhex 
sahulosa).  But  most  wonderful  are  the  instincts  of  some  of  the 
Ortlwptera  and  Hymenoptera,  which  concern  themselves  about  the 
fate  of  their  young  after  they  are  hatched  and  carry  nourishment  to 
them  during  their  growth.  In  such  cases  a  great  number  of  indivi- 
duals become  associated  together  for  the  common  welfare  in  the 
S9-called  animal  communities,  in  which  there  is  a  marked  di\asion  of 
labour  among  the  different  members ;  males,  females  and  sexually 
aborted  forms  or  neuters  (termites,  ants,  wasps,  bees). 

Some  insects  are  capable  of  producing  sounds,*  which  we  must 
in  part  regard  as  the  expression  of  an  internal  disposition.  We 
cannot,  however,  thus  regard  the  buzzing  sounds  produced  during 
flight  by  Hymenojytera  and  Diptera  (%dbration  of  wings  and  of  the 
foliaceous  appendages  within  the  trachea),  or  the  sounds  Hke  those 
of  a  rattle  which  are  produced  in  numerous  beetles  by  the  friction  of 
certain  body  segments  against  one  another  (pronotum  and  mesonotum 
of  the  Lamellicornia)  or  with  the  inner  sides  of  the  Aving-covers, 
although  it  is  possible  that  such  sounds  are  of  some  use  for  defence 
against  hostile  attacks.  PecuHar  vocal  organs,  which  produce  sounds 
for  the  purpose  of  attracting  the  females,  aj-e  found  in  the  male 
Cicada  on  the  abdomen,   and  in  the  males  of  the  GrijUido}  and 


*  H.  Landois,  "  Die  Ton-und  Stimmapparate  der  Tnsecten."   Leipzig,  1867. 
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Locustidce,  at  the  base  of  the  anterior  wings.  Both  sexes  of  the- 
Acrididce  also  produce  similar  though  feebler  chirping  sounds,  by 
rubbing  the  femora  of  the  posterior  legs  against  the  edge  of  the  wing- 
covers. 

Insects  are  almost  universally  distributed,  from  the  equator  to  the 
extreme  limits  of  vegetation ;  certainly  with  a  considerable  diminu- 
tion in  the  number  of  species,  and  in  their  size  and  beauty  of  colour. 
Some  forms  are  truly  cosmopolitan,  e.g.,  Vanessa  cardui.  Possil 
insects    are  found 


m 


increasing  numbers  of 
species,  from  the  car- 
boniferous formation  to 
the  tertiary  period.  The 
best  preserved  are  those 
enclosed  in  amber  and 
the  impressions  in  the 
lithographic  slate. 

Order  1. — Thysanura* 
(including  Collem - 
bola). 

Wingless  insects,  with 
hairy  or  scaly  body  cover- 
ing ;  tvith  rudimentary 
masticating  mouth  parts 
and  setiform  anal  fila- 
ments, tohich  may  serve 
as  a  sjjringing  a2)p)ara- 
tus,  at  the  end  of  the 
ten-segmented  abdomen. 
Develo2:)ment  without 
metamorphosis. 

The  Thysanura  seem  to  have  preserved  most  completely  the 
primitive  character  of  the  oldest  insect  forms.  The  elongated 
Campodidm  particularly  recall  certain  Myriapods,  especially  since- 
they  may  have  rudimentary  feet  on  the  abdomen  (fig.  459,  a,  b). 
On  this  account  the  Campodidce  have  been  regarded  as  ancestral 


Fig.  459. — a,  Campodea  sfaphylimis  (after  J.  Lubbock). 
b,  Anterior  half  of  the  body  of  C.  FrugiUs  (after 
Palmen).  Tr,  Trachea;  S,  stigmata;  P,  legs;  P',  rudi- 
mentary abdominal  feet. 


*  John  Lubljock,  '••  Monograph  of  the  CoUembola  and  Thvsan 
1873. 


ura."  London^ 
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forms  of  the  insects.  The  head  bears  tolerably  long  setiform  an- 
tennee,  and,  as  a  rule,  aggregated  ocelli,  in  phice  of  the  facetted 
eyes.  The  mouth-parts  consist  of  mandibles  and  maxilhe,  which 
can  be  retracted  into  a  sort  of  atrium.  In  this  case  an  apparatus 
for  attachment  with  gland  is  often  present  on  the  ventral  side 
of  the  tirst  abdominal  segment.  Tracheae  are  completely  absent 
in  many  Colkmhola  {Pochcra},  while  in  Camjmdea  tliey  present 
very  simple  relations.  There  are  only  three  pairs  of  stigmata, 
and  the  trunks  which  spring  from  them  do  not  anastomose.  On 

the  penultimate  abdominal  segment  there 
are  often  setifoi-m  filaments,  which  when 
forcibly  bent  ventralwards  serve  as  a 
springing  apparatus  (springing  fork  fig. 
460,  a). 

Fam.  Campodidse  (fig.  +.59).  The  body  is 
elongated,  and  the  abdomen  has  ten  segments 
and  ends  with  two  filaments.  Jupij-r  gigas  Br., 
Cyprus.  J.  .wlifiigus  Hal.,  Campodea  Htaijliylinns 
Westw. 

Fam.  Poduridse,  spring-tails  (fig.  4(i0,  a).  The 
body  is  stout,  globular,  or  elongated.  The  ab- 
domen is  usually  reduced  to  a  few  segments, 
and  has  a  ventral  organ  for  attachment,  and 
ends  with  a  long,  ventrally-bent  fork,  used  in 
springing.  Smynthurus  signatvs  Latr.,  Podnra 
aqiiatica  Deg. 

Fam.  :  Lepismidae  (fig.  460,  h).  Body  aa-ched, 
elongated,  and  thickly  covered  with  metallic 
shining  scales.  The  abdomen  has  ten  segments, 
and  terminates  with  a  long  median  seta  and  two 
weaker  lateral  setefe.  Le2ns>na  mccharina  L., 
Jfachilis  polgpoda  L. 

Order  2. — Orthoptera.* 

Pig.    460. — a,    Podnra  villom, 

h,  Lepisina  mccharina  (regne  Insects  With  cm  incoii^jlete  iiietamorphosis, 
animal).  loith  two  usiudly  uneqtud  pairs  of  wimjs. 

Jems  adapted  for  biting. 

The  name  of  this  order,  which  was  borrowed  from  the  wings,  is 
by  no  means  suitable  for  all  the  forms  included,  and  a  very  great 
variety  prevails,  both  in  the  external  appearance  and  in  the  internal 

*  A.  Servillc,  "  Histoire  naturelle  des  Insectes  Orthopt^res."    Paris,  1839. 
T.  De  Charpentier,  "  Orthoptera  descripta  et  depicta."   Leipzig,  1841. 
L.  H.  Fischer,  "  Orthoptera  Europffia."    Leipzig,  1853. 
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organisation.  The  head  usually  bears  long,  multiarticulate  antennae, 
facetted  eyes  of  considerable  size,  and  also  simple  eyes.  The  oral  ap- 
paratus is  adapted  foi-  masticating  and  biting.  On  the  under-lip 
{labium)  the  four  lobes,  and  sometimes  also  their  supports  (sti^ntes), 
remain  separate  from  one  another.  The  prothorax,  the  size  of  which 
is  very  variable,  is  always  freely  moveable,  and  separated  from  the 
mesothorax  by  an  articulation.  The  foi-m  and  structure  of  the 
A\dngs  is  extraordinarily  variable.  The  anterior  wings  frequently 
have  the  form  of  coriaceoiTS  wing  covers,  or,  at  any  Tate,  are 
.stronger  and  thicker  than  the  larger  posterior  wings,  which  can 
be  folded  together.  In  other  cases,  both  pairs  of  "wings  are  similarly 
formed  and  have  a  net-lrke  appearance,  like  those  of  the  Neuroptera. 
The  legs  also  vary  in  their  foi-m,  the  tarsus  consisting  i-arely  of  two, 
usually  of  three,  foiir  or  five  joints. 

The  abdomen  usually  preserves  the  full  number  of  segments,  and 
■ends  with  caudal  appendages  having  the  form  of  pincers,  stylets, 
filaments  or  setse ;  ten  segments  usually  take  part  in  its  construc- 
tion, the  genital  opening  being  on  the  ninth,  and  the  anus  on  the 
tenth.  On  the  abdomen  of  the  female  there  is  sometimes  an 
ovipositor  {Scdtatoria).  This  springs  from  the  penultimate  and 
antepenultimate  segment,  and  consists  on  either  side  of  an  upper 
and  a  lower  valve,  and  an  inner  spinous  rod  lying  on  the  upper 
valve  and  passing  along  a  groove  on  the  upjjer  edge  of  the  lower 
valve. 

Many  Orthojjtera  have  a  dilatation  of  the  oesophagus  which  may 
be  called  a  crop,  and  a  gizzard ;  this  is  followed  by  the  chylific 
ventricle,  which  often  has  some  ctecal  appendages  at  its  anterior 
■end.  The  salivary  glands  are  often  extraordinarily  large,  and  are 
provided  with  a  vesiculai-  reservoir.  The  number  of  the  Malpighian 
vessels  is,  with  a  few  exceptions,  very  considerable.  The  ventral 
ganglionic  cord  pi-esents  three  larger  thoracic  ganglia,  and  five,  six, 
or  seven  smaller  abdominal  ganglia.  Some  Ortlioptera  possess  tym- 
panic auditoiy  organs.  The  generative  organs  consist,  as  a  rule,  of 
numerous  egg  tubes  and  testicular  sacs.  Large  glands  open  into 
their  efferent  ducts.    A  bursa  copulatrix  is  absent. 

All  Orthoptera  undergo  an  incomplete  metamorphosis.  The  two 
sexes  are  distinguished,  not  only  by  the  differences  of  the  external 
■copulatory  organs  and  by  the  size  of  the  abdomen,  but  sometimes  by 
the  size  of  the  wings  {Perijylaneta),  or  by  the  absence  of  the  wings 
m  the  female  {Eeterogavda,  PuPAimora) ;  and  in  the  jumping  Orthoj)- 
tera  {Scdtatoria)  by  the  development  of  a  voice  organ  on  the  body  of 
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the  male.  Tlie  chirping  souiuls  produced  hy  this  organ  prol>al)ly 
serve  to  call  the  female  to  the  place,  and  to  excite  her  to  copulation. 
The  female  also,  in  rare  cases,  has  the  voice  apparatus  perfectly- 
developed  (Ephippiyera  among  the  Locustidce).  The  eggs  are  laid 
under  very  various  conditions — sometimes  in  the  earth,  sometimes  on 
external  objects  in  ah-  in  damp  places,  or  in  water.  The  em- 
bryonic development  has  been  most  accurately  traced  out  in  the 
Lihellulidce,  in  which  an  internal  ventral  plate  is  formed.  The  larvse 
of  the  -winged  forms  leave  the  egg  without  any  trace  of  wuigs,  and 
either  agi-ee  -with  the  sexual  animal  in  mode  of  Hf e  and  form  of  body, 
excepting  in  the  number  of  joints  on  the  antennae  and  of  the  corneal 
facets,  or  differ  J  from  it  considerably  in  these  relations  (jEphemeridce, 
Lihellulidce)  in  that  they  live  in  quite  another  medium.    Most  of 

them,  in  the  fully  developed 
state,  feed  on  fruits  and  leaves, 
and  a  few  on  animal  suljstances. 

Sub-order  1.— Orthoptera 
genuina. 

Front  wings  small  and  hard, 
sometimes  coriaceous  for  the 
protection  of  the  hmd  -wings 
and  the  back.  The  hind  -s\-ings 
are  membranous  and  broad,  and 
can  be  folded  together  longi- 
FiG.  461.— a,  Forjicuia  mmcuiaria.  b,  Biatfa  tudinally.    The  maxillje  -with 

orimtalu  $  (regne  animal). 

horny  mternal  lobe  toothed  at 
the  point  and  covered  by  the  helmet-shaped  membi-anous  outei-  lobe 
{(jalea),  with  five-jointed  palp.  The  appendages  of  the  last  abdominal 
segment  are  developed ;  the  inferior  stylets  are  sometimes  wanting. 
The  females  often  have  an  ovipositoi-.  The  larvse  always  feed  on  sohd 
substances  and  always  live  on  land. 

Tribe  1 .  Cursoria.    With  running  legs. 

Fam  :  Forficulidae,  '&&xvf\gs  (Dermatojyfera).  Elongated  bodj',  with  four 
unequal  wings,  of  which  the  anterior  are  short  homy  wiug-covei-s,  which  lie 
horizontally  on  the  body  and  cover  the  thin  membranous  hind  wiugs.  which  cau 
be  folded  by  means  of  joints  (fig.  4(il,  a).  The  abdomen  has  nine  segments  and 
ends  with  a  pincer,  the  arms  of  which  are  strongly  curved  in  the  male.  They 
feed  on  vegetable  matters,  especially  on  fi'uit,  and  conceal  themselves  by  day  in 
their  hau7its,  from  which  they  emerge  at  dusk.  Forjintla  anricndaria  L.,  L<ibi- 
(Iwa  ff  iffantea  Fabr. 
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Fam.  Blattidse.  The  body  flat,  elongated  oval,  Avith  a  broad  shield-like 
prothorax,  long  multiarticulate  antennse  and  powerful  locomotoiy  legs,  with 
spiny  tibiie  and  five-jointed  tarsi.  The  head  is  covered  by  the  large  pro- 
thoracic  shield  and  is  as  a  rule  without  ocelli.  External  lobe  twice  as  large  as 
the  internal.  The  fi-ont  wings  are  large  wing-covers  which  overlap  one  another, 
but  these,  together  with  the  hind  wings,  may  be  absent  in  the  female  (lletero- 
gamia)  or  in  both  sexes.  They  live  on  solid  animal  matter  and  avoid  the  light 
in  the  day,  living  in  dart  hiding-places.  Many  species  are  distributed  over  all 
the  world,  and  in  great  numbers  cause  much  damage  in  bakeries  and  storehouses. 
The  tropical  forms  are  especially  large.  The  females  lay  their  eggs  in  cases  a 
short  time  before  the  hatching  of  the  young.  These  capsules  in  Pervplaneta 
orientalis  enclose  about  forty  eggs,  arranged  in  two  rows.  In  this  animal 
the  metamorphosis  is  said  to  last  four  years.  Periplaneta  orientals  L. , 
common  cockroach,  said  to  have  been  introduced  into  Europe  from  the  East 
(fig.  461,  i).    P.  americana  Fabr.,  Blatta  lajmiioa  L.,  P.  f/er!iia7nca  Fabr. 

Tribe  2.  Gressoria.    With  ambulatory  legs. 

Fam.  Mantidae  (Fangheuschi'ecken).  Anterior  predatory  legs,  the  jagged 
tibite  of  which  can  be  folded  against  the  toothed  femora.  They  prey  on  other 
insects,  and  inhabit  warm  and  hot  countries  ;  only  the  smaller  species  extend 


Fl&.  462. —  Oryllotalpa  milgaris  (regne  animal). 

to  South  Europe.  The  females  lay  their  eggs  in  clumps  on  plants,  and  surround 
them  with  a  tough  secretion,  which  hardens  so  as  to  form  a  capsule.  This 
secretion  is  produced  by  the  fiUform  appendages  of  the  oviduct.  MantU 
religiosa  L.,  praying  insect,  in  South  Europe. 

Fam,  Phasmidae  (Gespenstheuschrecken).  The  body  elongated,  as  a  rule 
linear,  with  long  ambulatory  legs.  The  tarsi  have  five  joints,  and  bear  a  large 
lobe  for  attachment  between  the  terminal  claws.  Wing-covers  and  wings  are 
often  ru'limentary  or  altogether  wanting.  The  anal  processes  are  not  jointed. 
They  live  in  the  tropics  and  feed  on  leaves.  The  wingless  forms  resemble  dried 
twigs,  the  winged  dried  leaves.  Baoteria  calamus  Fabr.,  Surinam.  Plmsma 
fasciatum  Gray,  Brasil.    Phyllium  nooifolium  L.,  East  Indies. 

Tribe  3.  Saltatoria.    With  juraping  legs. 

Fam.  AcridiidsB  (Grasshoppers).  With  short  filiform  antenna?  The  an- 
terior wings  are  stitf  and  only  a  little  broader  than  the  anterior  division  of 
the  hmd  wings,  which  during  quiescence  are  folded  up  like  a  fan  and  com- 
pletely covered  by  the  front  \vings.  The  auditory  organs  lie  on  either  side  oil 
the  metathorax.  The  female  has  no  projecting  ovipositor,  but  has  an  upper 
and  lower  genital  valve,  each  composed  of  two  horny  stylets.  The  males  can 
produce  a  chirping  sound  by  rubbing  the  toothed  internal  edge  of  the  i^osterior 
femora  against  the  projecting  nervures  of  the  wing-covers.  In  the  female  also 
this  stndulating  apparatus  is  present,  though  in  a  rudimentai-y  form,  and  not 
more  developed  than  in  the  male  larvaj.    The  females  of  many  species  are  able 
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to  produce  weak  chirping  sounds.  They  live  principally  in  fields,  meadows 
ana  mountains,  the  larvie  being  present  in  spring  and  summer,  and  the  sexual 
animals  in  late  summer  and  in  autumn.  They  fly  with  a  rattling  sound,  and 
as  a  rule,  only  for  short  distances.  They  feed  on  plants.  Tettix  mhulata  L., 
V.  hipunctata  Chari).,  (Edqmla.  mhjratorM  L.,  South  and  East  Europe 
Enormous  swarms  migrate  together,  and  distribute  themselves  in  (iorn-fields, 
causing  mucli  daniiige.    Acridii/m  tataricvm  L.,  South  Europe. 

Fam.  Locustidae  (Laubheuschrecken).  The  body  is  elongated  and  usually 
coloured  grass  green  or  brown.  The  antennaj  are  very  slender,  and  the  wing 
covers  usually  lie  vertically  on  the  body.  The  audito.-y  organs  are  iu  the  tibia 
of  the  front  legs.  The  females  have  a  projecting  sabre-shaped  ovipositor,  which 
consists  of  a  right  and  left  double  valve  on  the  eighth  and  ninth  segments ; 
between  the  valves  there  is,  on  either  sida,  a  style  which  arises  on  the  ninth 
segment.  The  eggs  are  deposited  in  the  earth  in  late  summer  or  in  autumn, 
and  there  pass  the  winter.    The  larvas  are  hatched  in  the  spring,  and  after 

many  months  develop  into  the 
winged  sexual  animal  late  in 
the  summer.  The  Locmtldoe 
live  in  forests  and  bushes,  or 
in  fields  on  the  tops  of  grass 
stalks  and  shrubs.  Locusta  viri- 
disslma  L..  L.  eantang  Charp., 
Switzerland.  Ephippigvra  per- 
forata Ross.,  Italy  and  South 
Germany. 

Fam.    Gryllidae  (Grrabheu- 
schrecken).  Of  thick  cylindrical 
body  form,  -nath  thick  free  head. 
Antennae  usually  long  and  seti- 
form  ;  wing  covers  (anterior 
wings)  short,  placed  horizon- 
tally, and  the  hind  wings,  when 
rolled  up,  project  far  beyond 
them.    The  anterior  legs  are 
sometimes  digging  feet. 
The  male  gives  rise  to  shrill  chirping  sounds  by  rubbing  his  two  wing-covers, 
which  present  the  same  structure,  against  each  other,  and  these  sounds  probably 
attract  the   female.    During  copulation  the  male   attaches  to  the  female 
genital  opening  a  sper'matophore,  which,  as  in  the  Crustacea,  is  carried  about 
till  it  is  empty.    The  females  have  a  straight  cylindrical  ovipositor,  which  is 
spindle-shaped  at  the  end  ;  more  rarely  they  are  without  an  ovipositor.  The 
OryllldcE  mostly  live  beneath  the  earth  in  holes  and  passages,  and  feed  on  roots 
and  animal  matters.    The  larvae  are  hatched  iu  summer  and  pass  the  winter  in 
the  earth;    Oryllotalpa  vulgaris  Latr.,  mole  cricket  (fig.  462).    In  gardens  and 
fields  ;  very  harmful.  They  lay  two  hundred  to  three  hundred  eggs,  which  they 
place,  enclosed  iu  a  mass  of  plastered  earth,   at  the  end  of  their  subterranean 
passages.     OrylhiK  eampestrlx  L.,  field-cricket  (fig.  463).    G.  domrstrms  L., 
house-cricket.    G.  Kylvestris.  Fabr. 

Sab-order  2. — Orthoptera  Pseudo-Neuroptera. 

The  wings  thin  and   membranous,  both  pairs  being  similarly 


Fig.  463. — Q-ryllui  eampestrig  $  (regne  animal). 
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constructed.  They  usually  cannot  be  folded  togethei-,  and  possess  a. 
network  of  nervures  more  or  less  close. 

Tribe  1.  Physopoda.  The  body  small,  narrow  and  flat,  with 
tolei"ably  similar  wings,  covered  with  delicate  hairs.-  The  mandibles 
are  setiform,  and  the  mouth  parts  are  suctorial. 

Fam.  Thri^jsidcp,  Thripi<  liliysapun  L.,  found  in  the  flowers  of  chickoiy. 

Tribe  2.  Corrodentia.  Wings  with  few  nervures,  and  sometimes 
quite  without  transverse  nervures.  The  head  has  strong  mandibles 
with  toothed  internal  edges.  The  first  maxillas  with  hooked  masti- 
catory portion,  the  point  of  which  is  furnished  with  two  teeth,  and 
with  membi-anous  external  lobe.  The  Corrodentia  feed  on  dried 
vegetable  and  animal  substances. 

Fam.  Psocidae,  booklice.  Troctcsi  jnilsatorius  L..  found  in  collections  of 
insects  and  between  papers.    Psoou-s  dmnestions  Burm.,  Ps.  stri/ioxns  Curt. 

Fam.  Termitidae,*  white  ants.  The  antennse  hare  from  eighteen  to  twenty- 
joints,  with  two  ocelli 
in  front  of  the  eyes  and 
strong  mandibles.  The 
delicate  wings,  which  are 
of  equal  size,  lie  in  rest 
parallel  to  the  body. 

The  Termites  (fig.  46i) 
live  together  in  commu- 
nities, composed  of  in- 
dividuals of  different 
kinds.  The  winged 
forms  are  the  sexual  in- 
dividuals ;  the  apterous 
forms  are  partly  the  larvfe  and  pupte  of  the  sexual  forms,  and  partly  fully 
developed  (in  species  of  Calotermcs  and  Termes  lucifugns)  sexually  aborted 
males  and  females  (neuters).  The  latter  are  divided  again  into  soldiers,, 
which  look  after  the  protection  of  the  community  and  are  provided  with  large 
quadrangular  head  and  very  strong  mandibles,  and  workers  with  small 
rounded  heads  and  less  projecting  mandibles.  These  individuals  under- 
take the  other  work  of  the  community.  In  species  of  Eutermes,  every 
trace  of  sexual  organs  may  be  wanting  in  the  neuters.  Some  species  live  in 
South  Europe,  but  the  greater  number  are  found  in  the  hot  parts  of  Africa 
and  America,  where  they  are  notorious  for  their  ravages  and  their  nests.  The 
Termites  make  their  dwellings  either  in  the  trunks  of  trees,  often  only  beneath 
the  bark,  or  on  the  surface  of  the  earth  in  the  form  of  hills,  in  which  they 
excavate  passages  and  cavities.  The  nests  of  species  of  Calotcrmex  are  the  most 
incomplete ;  ttey  only  gnaw  passages  in  wood,  which  mainlj-  run  in  the 

*  H.  Hagen,  «  Monographic  der  Termiteu."  Un.  Entomol.,  Tom.  X.  and  XIV 
t  h.  Lespes,  •  Recherches  sur  I'organisation  et  les  moeurs  du  Termite  lucifuo-e 
Ann.  (lex  /Sc.  Aat.  IV.  ser.,  Tom.  V.,  185(i.  ° 

Tom.^aLl^lsVs"^'''*™^*'         ^^""^^^'^^         Termiten."    Jen.  vat.  Zeitschr. 


Fis.  4G4.— a,  Male  of  Termer  liicifugus  (regne  animal). 
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direction  of  tlic  axis  of  the  tree.  There  is  no  special  place  for  the  queen,  'i'he 
walls  of  the  passages  are  usually  coated  with  a  thin  layer  of  excrement.  In 
species  of  Eutcnnci,  in  which  the  soldiers  have  pointed  heads,  the  passagwi  are 
so  close  to  one  another  that  the  wood  partition  between  them  disaj^pears,  and 
the  wall  of  excrement  alone  separates  them.    When  the  nests  project  outside 


Fig.  4e-l.— i,  PrefTnant  female  (qxieen)  of  Termes  liicifugtm.    c,  Pupa,   d.  Pupa  of  the  second 
form,    e,  Soldier,    f.  Worker.   .(/,  Larva.   (After  Ch.  Lesp6s). 


the  tree,  they  form  the  so-called  spherical  tree-nests.  There  are  also  nests 
which  are  attached  to  trees  from  outside,  and  are  built  of  earth  or  clay.  Other 
species  of  EideriTies  make  their  nests  in  holes  in  the  eartli  beneath  the  roots  of 
Palms.  ?,ome,  Anojdotcrnies  paeificiii<.h\\M  hills  of  eaith.  In  this  specie's, 
soldiers  are  absent ;  the  males  and  females  leave  the  community  shortly  aftei- 
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they  have  cast  their  pupal  skin,  probably  copulate  after  they  return  from  their 
flight  to  the  nest,  and  then  lose  their  wings,  retaining  only  the  basal  stump. 
^  The  males  remain  behind  in  the  community,  as  according  to  the  works  of 
Smeathman,  Lesp^s,  Bates,  etc.,  a  king  is  said  to  remain  always  in  the  com- 
pany of  the  queen.  After  copulation  the  queen,  which  remains  in  the  com- 
munity, swells  up  to  an  enormous  size  on  account  of  the  enlargement  of  her 
ovary,  and  begins  to  lay  the  eggs  frequently  in  special  places  in  the  nest. 
They  are  at  once  carried  away  by  the  workers.  Ternies  Incif  ufim  Ross.,  South 
Europe.  T.fatah;  L.,  in  tropical  Africa,  builds  hills  from  10  to  12  feet  high. 
Calotermes  flavieolUs  Fabr.,  South  Europe. 

Tribe  3  :  Amphibiotica.     The  larvae  live  in  water  and  possess 
tracheal  gills. 

Fam.    Perlidae.    Body  elongated  and  flat,  with  laterally  placed  eyes,  three 
ocelli  and  setiform  antenna.    The  wings  are 
unequal,  and  the  posterior  region  of  the  broad 
hind  wings  can  be  folded  downw-ards.  The 
abdomen  has  ten  segments  and  two  long 
segmented  filaments.    The  wings  arc  often 
reduced  in  the  males.    The  female  carries  the 
eggs  for  a  time  in  a  depression  of  the  ninth 
abdominal  segment,  and  finally  deposits  them 
in  water.    The  larvte  hve  beneath  stones. 
They  usually  have  tracheal  gills  on  the  thorax, 
and  feed  principally  on  the  larvEe  of  Epliemc- 
ridce.    Nemuva  nebnlo.m  L.,  Pcrla  bicavdata 
L.,  P.  {Pteronaroys)  reticulata  Burm.,  with 
tufted  gills.    Found  in  Siberia. 

Fam.  Ephemeridae.  Mayflies.  Body  slender, 
and  soft-skinned,  with   hemispherical  eyes,' 
three  ocelli  and  short  setiform  antenufe.  The 
front  wings  are  large,  the  posterior  small  and 
rounded,  sometimes  fused  -n^th  the  anterior  or 
altogether  absent.    The  mouth  parts  are  rudi- 
mentary.   The  males  have  very  long  front 
legs.    The  abdomen  has  ten  segments  and 
terminates  with  three  long  anal  filaments,  of 
which  the  median  one  may  be  absent.  The 
penultimate  abdominal  segment  of  the  male 
has  two  jointed  copulatory  forceps.    The  May 
flies  live  only  a  short  time  in  the  wino-ed  stao-p  t=,v,-.,o. 
devoting  themselves  enth-ely  to  t\.J^y£LiS\l^l7 v""  nounshment  and 
swarms  of  them  in  the  air  on  ^^^J^^^Z  VS^^^^^^  f  ^^^^ 

see  their  dead  bodies  lying  in  quantities  on  the  giound  ^^f,  . 
bottom  of  clear  water  and  feed  on  other  Z^i^  ^'^^^X  T^"^  '^^^ 

powerful  maiKlil,les  and  toothed  mai llT    On  ,  7  '  ^'"^^  ^"'^^ 

to  seven  pairs  of  swinging  plates  Xoh  f "    .  '''^'^""'"'^  ^'^'-^^  ^'""^^ 

end  of  the  abdomen  th  ^l?  t  Lee  lono-  /  .^^^^^  ^"^^ 

ec..sis  .  L  pupall-:  -  -  "^^^^'^  - 

36 


Fig.  465.~JE])hemera  vtdgafa  (reone 
animal);  Af,  Anal  filaments. " 
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winged  insect,  which  is  now  in  the  subimago  stage,  undergoes  another  ecdysis 
and  becomes  an  imago.  Ephemera  vulgata  L.  (fig,  465).  Palinf/enia  longi- 
eanda  Oliv. 

Fam.  LibellulidsB.  Dragon  flies.  Large  slenderly-built  insects  with  freely 
moveable,  transversely  cylindrical  head,  short  six-  to  seven-jointed  thin  and 
pointed  antcnniE,  and  four  large  net-like  latticed  wings.  The  mouth  ])arts  are 
powerfiilly  developed,  and  are  covered  by  the  large  upi)er  lij).  The  maxilla; 
have  fused  horny  lobe,  and  single-jointed  sickle-shaped  palp.  The  labium 
has  a  simple  or  divided  internal  lobe  and  sejiarate  outer  lobes  fused  with  the 
bi-jointcd  palp.  The  abdomen  has  ten  joints,  and  on  the  last  segment  two 
unjointed  anal  styles  opposed  to  one  another,  so  as  to  form  a  sort  of  forceps. 
They  live  near  water,  and  feed  on  other  insects.  The  two  sexes  are  usually  of 
different  colours,  and  their  flight  is  rapid  and  prolonged.  During  copulation 
the  male  clasps  the  prothorax  of  the  female  with  his  abdominal  forceps,  while 
she  bends  her  abdomen  towards  the  base  of  his  abdomen.  Here  is  placed  the 
copulatory  organ,  which  is  remote  from  the  genital  opening,  and  is  filled  with 
sperm  prior  to  copulation.  The  larvfe  live  in  water  and  are  predaceous.  The 
lower  lip  is  modified  to  form  a  special  predatory  apparatus  (the  mask)  (fig.  4.56). 
Many  of  them  breathe  by  means  of  tracheal  gills,  which  are  placed  at  the  end 
of  the  abdomen  or  in  the  rectum.    Cahypterij.r  vw/o  L.,  Agrioii  jmclla  L., 

yUschna  f/rrindis  L.,  lAhcllnla  V7ilgata,  flaveola  L. 

Order  3. — Neuroptera.* 

Insects  ivith  biting  {sometimes  also  suctorial) 
mouth  parts,  loith  free  p)rotho7'ax  and  mem- 
branous wings,  the  nervures  of  which  form 
a  net-work.    The  metaitwrphosis  is  complete. 
Most  Neuroptera  have  an  outward  re- 
FiG.  466.— P"Hor;)(r  con.munU   semblance  to  the  Libellulidce  and  Ephemeridce, 
(ve^e  animal).  ^j^ije  others  resemble  the  Lepidojitera  in  their 

scaly  wings.  The  two  pairs  of  wings  are  usually  simUar  and  mem- 
branous, and  their  size  is  almost  equal.  They  are  traversed  by  a 
close  network  of  nervures  which,  however,  differs  essentially  from  the 
nervation  of  the  ]Veuro2?tera-\ike  Orthoptera.  The  front  Avings  never 
have  the  form  of  wing-covers,  but  the  hind-wings  can  sometimes  be 
folded  together  and  sometimes  not.  They  may  be  covered  with 
scales  and  hairs  {Phryganidce).  The  mouth  parts  present  a  greater 
approximation  to  the  Beetles,  in  that  the  labium  only  rarely  shows 
any  trace  of  a  median  slit,  the  two  pairs  of  lobes  being  fused  to  a 
single  plate.  In  one  group  {Phryganidce)  we  find  suctorial  mouth 
parts  The  mandibles  in  this  case  are  aborted,  and  the  labium  and 
maxillae  fuse  to  form  a  tube.    As  a  rule  the  antennae  are  many- 

*  E  Pictet,  "  Histoire  naturelle  des  Neuropterfes."   Genf  1884._ 
+  V  Rraiier  und  Fr.  Low,  "  Neiu-optera  Austnaca.   ^Vlen,  ISo-. 
Er?;eV  "  BeiJrHge  zur  Kenntniss  der  Verwandlung  der  Neuropteren.  T  erhan,l 
der  zool-'hot.  GesdUchnft  zn  Wien.  Tom  TN.  und  V. 


NEUROPTBRA. 


663 


jointed,  filiform  or  setiforin,  the  eyes  of  meclinm  size,  and  the  tarsuses 
five-jointed.    The  prothorax  is  always  freely  moveable,  and  the  abdo- 
men is  composed  of  eight  or  nine  segments.    The  nervous  system  is 
similar  to  that  of  the  Orthoptera,  and  consists  of  clearly  distinct 
thoracic  and  abdominal  ganglia.    There  is  always  a  muscular  gizzard 
■on  the  digestive  canal  {Myrmeleonticlce,   Panor2ndce).    A  sucking 
stomach  is  found  only  in  the  Hemerohidce.    Six  to  eight  long  Mal- 
pighian  tubes  arise  from  the  hindgut.    The  metamorphosis  is  always 
•complete.    The  larvte  prey  on  other  animals,  and  are  provided  with 
biting  or  sucking  forceps  (formed  from  the  mandibles  and  maxillaj). 
They  pass  into  a  quiescent 
pupal  stage,  in  which  the  parts 
•of  the  winged  insect  can  al- 
ready be  made  out.  The  pupa 
is  often  surrounded  with  a 
■cocoon,  but  possesses  the  power 
•of  locomotion  to  a  certain  de- 
gree, since  before  the  animal 
passes  out  of  the  pupal  stage 
it  ceases  to  be  quiescent  and 
seeks  out  a  place  suitable  for 
development.    Fossil  remains 
•are  found  in  tertiary  forma- 
tions and  in  amber. 

Sub-order  1.  Planipennia. 
Front  and  hind  wings  similar, 
never  capable  of  being  folded. 
The  mouth  parts  are  powerful 
and  adapted  for  mastication. 

Fam.  Sialidse.  With  large  head 
bent  obliquely  forwaixls,  and  pro- 
jecting hemispherical  facetted  eyes. 

The  ^,angs  when  at  rest,  overlap  one  another  like  the  slates  on  a  roof 
The  laryas  have  biting  mouth-parts,  with  four-jointed  maxillary  pains  and 
three-jomted  labial  palps.  8iaUs  lutaria  L.,  C^-ydaUs  corn.t7l.rRapm^^ 
ophiopsiH  Schum.  camel-neck  flies.  '  ^^Z^'*'^"'* 

Fam    Panorpida?  (Schnabelfliegen).   The  head  is  small  and  placed  verticallv  • 

Ihe  oral  region  is  prolonged  in  the  form  of  a  beak.     The  wings  are  on^nd 

r:- :t;  ^^^^^^^^^^ 

tivularmsY?Ci)T.  '"■mimu  i..  (tig.  460).  Btttaeus 


Fi&.  4&7.—a,  Larva  of  Mantispa  styriaca  after 
hatching.  6,  The  same  before  the  pupal  stage 
(after  F.  Brauer),  e,  Mantispa  pagana  (regne 
animal). 
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Fam.  Hemerobidee  (Florlliegen).  Head  vertical  ;  anteniiai  filiform.  Tlie 
two  pairs  of  wings  are  transparent  like  glass  and  are  nearly  equal  in  size.  The 
larvse  suck  insects  and  spiders.  Mantispapagana  Yahr.  Anterior  legs  predatory ; 
prothorax  much  elongated  (fig.  4()7,  a,  h,  r).  The  larvas,  after  eight  months' 
fasting,  bore  their  way  by  means  of  their  sucking  forceps  into  the  ovisacs  of 
spiders,  and  suck  out  the  eggs  and  the  young.  After  the  first  moult,  the  legs 
are  reduced  to  short  stumps,  and  the  body  becomes  like  a  Hymenopteran 
maggot.  "VVhen  about  to  enter  the  pupal  stage,  they  spin  a  cocoon  in  tlie 
ovisac,  and  strip  ofE  the  larval  skin  iir  the  middle  of  June.  The  ijujia  breaks 
through  the  cocoon  and  moves  freely  about  till  it  casts  its  skin  and  is  trans- 
formed into  the  winged  insect.  Chrijsopa  perla  L.  The  eggs  have  long  stalks. 
The  larvfe  have  sickle-shaped  suctorial  forceps,  feed  on  Aphides  and  spin 
globular  cocoons.  Henierohius  lutescens  Fabr.  The  larvie  feed  on  Aphides. 
Osmylus  macitlatttit  Fabr,,  Nemoptera  {Nematoptera  Burm.)  coa  L.,  Asia  Minor 
and  Turkey. 

Fam.  Myrmeleontidse  (Ant-lions).  With  large  vertically-placed  head; 
antennas  knobbed  at  the  ends ;  prothorax  short  and  narrow  ;  mesothorax 
very  large.  Wings  of  equal  size.  The  larvte  mth  toothed  sucking  pincers 
composed  of  mandibles  and  maxillae,  and  short  broad  abdomen,  live  in  light 


^0  a  ^ 

Fig.  468.— «,  Myrmeleonformiearms  (regne  animal),    h,  Its  larva. 

sandy  soil,  in  which  they  hollow  out  funnels.  Before  entering  the  pupal  stage 
they  spin  a  globular  envelope  for  themselves  (fig.  468).  Slyrmdeonfovimcariiis 
L.,  3I.formwaly)i.r  Fabr.,  PaljMves  Ubrllvloidcs  L.,  South  Eui-ope.  Ascalaplins 
italiciis  Fabr. 

Sub-order  2.  Trichoptera.*— Wings  covered  mtli  liairs  or  scales  • 
the  hind  wings  can  as  a  rule  be  folded.  The  mouth  parts  mth 
aborted  mandibles  ;  the  maxillse  and  the  labium  fuse  to  form  a  kind 
of  suctorial  proboscis.  In  many  cases  {Oestropsidce  Brauer)  the 
maxilL^  and  labium  as  well  as  the  mandibles  become  aborted  durhig 
the  pupal  stage. 

Fam.  Phryganidffi  (spring-flies).  The  small  vertically-placed  head  with 
lono-  setiform  antenna  and  hemispherical  projecting  eyes.  The  wings  are 
covered  with  scales,  and  have  but  few  transverse  veins.  They  lie  on  the  back 
in  a  tectiform  manner.    The  larvse  live  in  water  in  tubular  cases,  which,  m 

*  J.  Pictet,  "  Recherches  pour  servir  a  Thistoire  et  lanatomie  des  Phryga- 

"'H.''HaJet'''i?"opsi  of  the  British  Phryganidas,"  £»to,nol  Annval  for 
18.")!),  186U,  1861. 
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Bi/dropxi/che  and  Rk7/acoj}Jiila,  are  fastened  to  stones.  In  the  walls  of  these 
cases  there  are  sand  grains,  bits  of  plants  and  empty  snail  shells.  The  larvas 
have  biting  mouth  parts  and  filiform  tracheal  gills  on  the  body  segments.  They 
project  their  horny  head  and  thoracic  segments,  with  their  three  pairs  of  legs, 
fi-om  these  tubes  and  crawl  about.  The  pupa  leaves  the  case,  which  serves  also 
as  a  pupal  skin,  and  develops  into  the  winged  insect  out  of  the  water.  The  per- 
fect insect  resembles  the  Lcjmloptera  iumany  respects,  and  lives  near  water  on 
leaves,  and  the  stems  of  trees.  The  female  lays  her  eggs  in  clumps  enclosed  in 
a  gelatinous  case  on  stones  and  leaves  near  water.  Pliryganea  striata  L. 
(fig,  469).    Mijstacides  quadrifasci'otus  Fabr.,  Hydropsyclie  variaUlis  Pict. 

Order  4. — Strepsiptera.='= 

Insects  with  rudimentary  anterior  wings  rolled  up  at  the  points  and 
large  hind  wings  which  can  he  folded  longitudinally.  The  mouth  parts 
are  rudimentary.  In  the  female  there  are  neither  loings  nor  legs.  The 
larvm  are  parasitic  in  the  hody  of  Hymenoptera. 

The  mouth  parts  are  reduced  in  the  adult  sexual  animal,  and 


Fig.  m.-a,  Phryganea  striata,    b,  The  larva  freed  from  its  case  (re-ne  animal) 


consist  of  two  pointed  mandibles  which  overlap  one  another,  and 
small  maxilhB,  which  are  fused  with  the  lower  lip  and  are  provided 
Avith  two-jomted  palps.  The  prothorax  and  mesothorax  are  two  very 
short  rings,  but  the  metathorax  is  unusually  elongated,  and  covers 
the  base  of  the  abdomen,  which  consists  of  nine  segments.  The 
males  possess  small  roUed-up  wing  covers,  and  very  large  hind  >vings 
which  can  be  folded  longitudinally  like  a  fan.  The  females  have 
no  eyes,  and  remain  through  life  without  wings  or  legs  like 
maggots ;   they  never  leave  their  pupal  skin  nor  theii^  parasitic 

Tom\.^''^^'  "^^^^P^iPt'^i-^'  ^  "ew  order  of  Insects,"  Transact.  Unn.  Soc, 

.ur||^Sl?S^S^S:^^^--  Schmarot.er,"  Beitr.ge 
^uSS^^:;SLS»^;^i;W  Naturgesch.,  Tom  IX.,  18.3. 
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liabitat  in  the  abdomen  of  wasps  and  humble  bees  {Bonibyliidoi)  from 
which  they  only  protrude  the  anterior  part  of  their  body.  In  copu- 
lation the  males  are  said  to  open  by  means  of  their  copulatoiy 
organ  the  dorsal  tube  of  the  female,  which  is  at  first  closed.  The 
ovaries  have  no  oviduct,  and  continue  as  it  seems  at  an  earlier  stage 
of  development,  since  they— probably  like  those  of  the  viviparous 
Cecidomyia  larvae— produce  eggs.  The  eggs  fall  freely  into  the  body 
cavity,  ai-e  fertilized  and  develop  (perhaps  sometimes  parthenogene- 
tically)  into  larvae,  which  pass  out  through  the  above-mentioned 
dorsal  canal  and  become  attached  to  larvae  of  bees  and  wasps  (fig.  470). 
In  this  larval  state  they  are  able  to  move  about  and  possess,  like  the 
young  larvae  of  Cantherida',,  three  well-developed  pairs  of  legs,  and 
two  caudal  setae  on  the  abdomen.    They  boi-e  their  way  into  the 

body  of  their  new  host.  About 
eight  days  later  they  undergo 
an  ecdysis,  and  change  to 
an  apodal  cylindrical  maggot, 
which  becomes  a  pupa  ^^ithin 
the  Hymenopteran  pupa,  and 
as  such  bores  its  way  out  with 
its  head  from  the  abdomen  of 
the  latter.  The  males  leave 
the  pupal  skin  and  seek  the 
females.  They  seem  to  live 
only  a  short  time. 

Fam.  Stylopidae.  Xeno!<  Rossii 
Kirb.  (X.  vt'-yjai-um  Ross.)  parasitic 
in  Polistcs  gallica.  Stylops  melittce 
Kirb. 


4:70.— Siylops Childre7ii(aftev'K.irhy).  o,  Larva. 
b.  Female,   c,  Male. 


Order  5. — Rhyiichota*=Hemiptera. 

Insects  loith  jointed  rostriom,  piercing  (exce2)tion(dly  biting)  mouth 
parts.    With  usucdly  free  prothorax  and  incomplete  metamorphosis. 

The  mouth  parts  are  almost  without  exception  arranged  for 
taking  up  fluid  nourishment,  and  are  usually  repi-esented  by  a 
rostrum,  in  which  the  mandibles  and  maxillfe,  as  four  rigid  styles, 
are  moved  backwards  and  forwards.    The  rostrum,  which  is  formed 

*  Burmeister,  "  Handbuch  der  Entomologie."    II.  Bd.,  Berlin  183.5. 

J.  Hahn,  "Die  wanzenartigen  Insecten."  Niirnberg,  1831-1849.  Continued 

by  H.  Schiiffer.  ,       ,         ..u  ^  •> 

F.  X.  Fieber,"Die  europaischen  Hemipteren  nach  der  analytischen  Metbocle. 

Wicu,  1800. 
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by  the  labium,  is  a  three-  or  four-jointed  almost  closed  tube,  which  is 
narrowed  towards  the  point,  and  is  covei-ed  at  the  larger  open  base  by 
the  elongated  three-cornered  upper  lip.  The  antennae  are  either 
short  and  three-jointed  with  a  setiform  terminal  joint,  or  are 
many-jointed  and  often  elongated.  The  eyes  are  small  and  usually 
facetted,  but  they  are  sometimes  ocelli  with  a  simple  cornea. 
Frequently  two  ocelli  are  found  between  the  facetted  eyes.  The 
prothorax  is  usually  large  and  freely  moyeable,  but  all  the  thoracic 
segments  may  be  fused  together.  Wings  are  sometimes  quite  absent ; 
usually  four,  rarely  two,  are  pi-esent.  In  the  first  case  the  front 
wings  are  horny  at  the  base  and  membranous  at  the  tip  {Hmii'pterob), 
or  the  front  and  hind  wings  are  similarly  formed  and  are  membran- 
ous [Homoptera),  though  the  anterior  are  often  stifFer  and  coriaceous. 
The  legs  are,  as  a  rule,  adapted  for  walking,  but  sometimes  they 
serve  for  clinging  or  swimming.  In  other  cases  the  front  legs  are  used 
to  capture  prey,  or  the  posterior  for  springing.  The  alimentary 
canal  is  distinguished  by  the  numerous  salivary  glands,  and  by  the 
complicated  chylilic  ventricle,  which  is  often  divided  into  three 
regions ;  behind  the  chylific  ventricle  usually  four  Malpighian  tubes 
open  into  the  hindgut.  The  ventral  cord  is  concentrated  into  three, 
usually  into  two  thoracic  ganglia.  With  exception  of  the  Cicada,  the 
female  genital  organs  have  only  four  to  eight  egg-tubes,  a  simple 
receptaculum  seminis  and  no  bursa  copulati-ix.  The  testes  are  com- 
posed of  two  or  more  tubes,  the  ducts  of  which  are  usually  dilated 
at  the  lower  end.  Many  {bugs)  emit  an  offensive  smell,  which  pro- 
ceeds from  the  secretion  of  a  gland  placed  in  the  mesothorax  or 
m^etathorax,  in  the  latter  case  opening  between  the  hind  limbs. 
Others  {Eomo'ptera)  secrete  by  means  of  numerous  cutaneous  glands 
a  white  waxy  film  which  covers  the  surface  of  their  body.  They  all 
live  on  vegetable  or  animal  juices,  to  which  they  obtain  access  by 
means  of  the  piercing  styles  of  their  rostrum.  Many  of  them,  by 
then-  appearance  in  great  numbers  on  young  plants,  are  harmful,  and 
sometimes  cause  gall-like  outgrowths;  others  are  parasitic  on  animals. 
The  young,  when  hatched,  possess  the  form  and  habits  of  the  sexually 
mature  animal.  They  have,  however,  no  wings,  which  make  their 
appearance  as  small  stumps  after  one  of  the  first  moults.  The  true 
C'tcarfa  need  several  years  to  effect  their  metamorphosis.  The  male 
Coccidce  change  inside  a  cocoon  to  quiescent  pupse,  and  undergo 
accordingly  a  complete  metamorphosis. 

Sub-order  1.  Aptera= Parasitica.  Wingless  i?A2/nc7ioto,  with  short 
fleshy  rostrum  and   bi'oad  cutting  styles.    Sometimes  they  have 
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rudimentaiy  biting  month  parts,  an  indistinctly  segmented  thorax, 
and  an  abdomen  wliich  usually  consists  of  nine  segments. 

Fam.  Pediculida.  Lice.  Witli  fleshy  proboscis-sheath  armed  with  recurved 
hooks,  protnisible  suctorial  tube,  and  two  i)rotrusible  knife-like  stvlets  The 
antcnniB  have  five  joints.  The  feet,  which  are  adapted  for  cliAging,  have 
hooked  terminal  joints.  The  eyes  arc  small  and  not  facetted.  The  animals 
hve  on  the  skin  of  Mammalia,  and  suck  their  blood,  and  lay  their  pear-shaped 
eggs  m  the  roots  of  the  hair.  The  young,  when  hatched,  do  not  undergo  a 
metamorphosis,  and  the  louse  which  infects  the  human  head,  is  fully  developed 
and  capable  of  reproduction  in  eighteen  days.  Pcdicvlns  capitu  Deg.  Head- 
louse  of  man.  P.  vextinmiti  Burm.  (larger  and  of  pale  colour).  Phthirins 
jmbis  L.  (fig.  471). 

Fam.  Mallophaga  (Anoplura)  (Pelzfresser).  Lice-like  in  form,  with  three- 
to  five-jomted  antennae,  and  biting  mouth  parts,  no  fleshy  proboscis,  but  a  sort 
of  suctorial  tube.  They  live  on  the  skin  of  Mammalia  and  Birds,  and  feed  on 
young  hairs  and  feathers,  but  also  on  blood.  Trichodectes  canLs  Deg.  Philopferux 

versicolor  Burm.,  Liothimu 
anseris  Sulz.  Mcnopon 
Nitsch,  M.  pallidum 
Nitsch,  on  fowls. 

Sub-order  2.  Phy- 
tophthires.  *  Rhyn- 
cliota  with  two  pairs 
of  membranous  wings. 
The  female  is  usually 
apterous.  The  surface 
of  the  skin  is  very 
often  covered  with  a 
dense    waxy  deposit, 

Fig.  471.-PAtt.nK»3;u6i«  (after  Landois)        stigma;        the    product    of  CUta- 
Tr,  Trachea.  ^ 

neous    glands  which 

are  placed  in  groups  beneath  warty  prominences  of  the  segments. 

Fam.  Coccidae  (Schildlause).  The  large  females  have  a  shield-shaped  body, 
and  are  wingless.  The  males  are  much  smaller,  and  have  large  front  wngs, 
and  sometimes  also  rudimentary  hind  wings.  The  fully-developed  males 
have  no  proboscis  or  piercing  weapons,  and  do  not  take  in  uomishment, 
while  the  unwieldy,  often  unsymmetrical  females,  which  may  even  have  lost 
the  segmentation,  insert  their  long  rostrum  into  the  parenchyma  of  plants  and 
remain  motionless.    The  eggs  are  deposited  beneath  the  shield-shaped  body 

*  C.  Bonnet,  "  Traitd  d'Insectologie,"  Tom.  L,  Paris  1745. 

J.  F.  Kyber, "  Erfahrungen  und  Bemerkungen  iiber  die  Blattliiuse."  Gcrmar's 
Mfigaz.  der  EnUmol.    Tom.  L,  1815. 

.J.  H.  Kaltenbach,  "  Monograpliie  der  Familie  der  Pflanzenlause."  Aachen, 
184.S. 

R.  Leuckart,  "  Die  Fortpflanzung  der  Rindenlause."  Arehiv  fiir  Natunieitch.. 
1859. 
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and  develop,  protected  bj^  the  drying-up  body  of  the  mother.  They  are  generally 
fertilized  {Oiwcus),  but  sometimes  develop  parthenogenetically  QLeeaninm, 
Aspidiotus).  Unlike  the  female  (and  forming  a  single  exception  to  what 
otherwise  obtains  in  the  order),  the  males  undergo  a  complete  metamorphosis  ; 
the  apterous  larv«  surround  themselves  with  a  cocoon,  and  are  transformed  into 
quiescent  pupfe.  Many  Ooccidce.  cause  great  damage  in  conservatories.  Others 
are  useful  in  industry,  in  that  they  produce  a  colouring  matter  (cochineal) , 
while  others  are  useful  in  causing,  by  their  pimcture,  an  outflow  of  vegetable 
juices  which  when  dried,  are  used  by  man  (J^ao,  manna).  Asjjldiotm  nevii. 
Bouche,  found  on  the  Oleander,  Lccanktm  heqjeridum  L.,  L.  iJersicce'&ov.cM. 
Kermefi  Uwis  L.,  on  Quercus  coccifera,  also  X,  ?  (Coccus)  lacca  Ken-.,  on  Ficus 
religiosa  in  the  Bast  Indies.  Coccus  cacti  L.,  (fig.  472)  lives  on  Opuntia 
coccinellifera,  Mexico,  gives  cochineal.  C.  adonidum  L.,  C.  (?)  manniijarus 
Ehbg.,  on  Tamarix  (manna). 

Fam.  Aphidae,*  plant-lice.  As  a  rule,  there  are  four  transparent  wings,  with 
a  scanty  venation.    The  wings  may,  however,  be  absent  in  the  female,  and 
rarely  in  the  male.    The  Ajjhida)  live  on  vegetable  juices,  and  are  found  on 
roots,  leaves  and  buds  of  quite  definite  plants. 
They  frequently  live  in  the  spaces  of  gall-like 
swellings  or  deformities  of  leaves,  which  are 
produced  by  the  punctures  of  the  plant-lice. 
Many  of  them  possess,  on  the  dorsal  surface 
of  the  antepenultimate  segment,  two  "  honey 
tubes,"  from  w^hich  is  secreted  a  sweet  fluid 
— the  honeydew — which  is  eagerly  sought  for 
by  ants.  ,  In  addition  to  the  usually  apterous 
females,  which,  as  a  rule,  only  appear  in 
autumn  with  the  winged  males  and  lay 
fertilized  eggs  after  copulation,  there  are 
also  viviparous,  usually  winged  generations, 
which  appear  principally  in  the  spring  and 
in  summer,  and  which  produce  their  living 
brood  without  the  assistance  of  males.  Bon- 
net observed  nine  generations  of  viviparous 
aphides  succeed  one  another.  They  are  distin- 
guished from  the  true  oviparous  females,  not  only  by  their  form  and  colom-,  and, 
in  many  cases,  by  the  possession  of  wings,  but  also  by  essential  peculiarities  in 
the  generative  apparatus  and  the  eggs  (pscndova,  germs).    The  receptaculum 
seminis  is  absent,  and  the  eggs  undergo  their  embryonic  development  in  the  very 
long  egg-tubes.  Viviparous  and  oviparous  aphides  usually  succeed  one  another 
in  regular  alternation,  since  the  females  lay  fertilized  eggs  in  the  autumn, 
which  survive  the  winter  and  in  the  spring  give  birth  to  ^dviparous  aphides^ 
the  descendants  of  which  are  also  viviparous,  and  produce  viviparous  forms 
through  a  number  of  generations.    It  is  only  in  the  autumn  that  the  males  and 
the  oviparous  females  are  born  which  copulate.  Viviparous  individuals  of  many 
forms  seem  to  pass  the  winter  in  ant-hills.    Sexual  forms  (at  time  of  birth 
already  mature,  wingless  and  without  proboscis)  are  sometimes  found  in  the 
•spring  ;  they  are  in  all  probability  produced  by  such  viviparous  forms  which 
have  persisted  through  the  winter.    This  has  been  shown  to  be  the  case  for 

*  Derbes,  "  Notes  sur  les  Aphides  du  pistachier  ter^binthe,"  Ann.  dcs  Sc. 


Fig, 


472. — Coccus  cacti,  a,  Female. 
h,  Male  (after  Burmeister). 
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PempUgv^s  tereUntU  by  Derb^s.  Here  the  sexual  aniraalfi  are  succeeded  by 
apterous  asexual  animals,  which  produce  the  galls,  and  the  desceudants  of  which 
are  the  winged  asexual  generations  which  are  dispersed  and  pass  thi-ough  the 
winter.  The  reproduction  of  Chermes  and  Phyllo.,;era  is  different,  in  tliat  in 
place  of  the  viviparous  generations  there  is  a  special  oviparous  sexual  form,  which 
also  produces  eggs  capable  of  developing  parthenogenetically.  The  apterous 
females  of  the  fir-tree  lice  pass  the  winter  at  the  base  of  the  young  Jmds. 
increase  in  size  in  spring  in  the  same  place,  undergo  several  moults,  and  lay  a 
number  of  eggs.  The  young,  when  hatched,  pierce  the  swollen  pointed  leaves 
of  the  young  shoots  and  produce  galls.  They  develop  later  into  winged  females. 
In  Phyllo-rcra  qnercm,  besides  the  two  generations,  there  is  another  genera- 
tion, which  appears  in  autumn  and  consists  of  very  small  movable  males  and 
females  (without  suctorial  proboscis  or  alimentary  canal).  These  animals  arise 
from  two  kinds  of  eggs  which  are  laid  on  the  roots.  The  female,  after  copula- 
tion, lays  only  a  single  egg.  It  is  the  same  mth  the  famous  vine-lice  (PA. 
vastatrix),  the  larvae  of  which  pass  the  winter  on  the  roots  of  the  vine 

(fig.  473).  The  principal  enemies 
of  the  Aphides  are  the  larvae  pf 
the  lehneumonidce  (^Aifhidivii'). 
Syrphidce,  Coccinellce and Henic- 
robidce. 

a.  Leaf -lice,  s.  St.  Sohizoneura 
lanigera  Hartg.,  on  apple  trees. 
Lachnm  2>ini  L.,  Z.  juglandis 
L.,  L.fagi  L.,  Ajfhis  brassicce 
L.,  A.  roses  L. 

b.  Bark-lice.  Chermes  ahictis 
L.,  Ch.  laricis  Hartg.,  Phyl- 
loxera quercus  v.  Heyd.,  on  oak- 
leaves.  Ph.  rasitatri.1-,  vine- 
lice,  with  winged  and  apterous 
generations. 

Fam.  Psyllidae  {Psyllodes), 
leaf -fleas.  Autennfe  long,  vrith 
tenjoints.  In  the  fully -developed 
stage  always  winged.   The  hind 
Their  puncture  often  occasions  deformities  of  flowei-s 


a 


Fig.  473. — Phylloxera  vastatrix.  a.  Wingless  root- louse 
seen  from  the  back,  h,  from  the  ventral  surface. 
c.  Winged  form. 


legs  serve  for  springing, 
and  leaves.    Psylla  aim  L.,  Llvia  jwncorihm  Latr. 

Sub-order  3.  Homoptera-Cicadaria.  Both  paii-s  of  wings  are,  as 
a  rule,  membranous.  Sometimes  the  front  pair  is  coriaceous,  not 
transparent  and  coloured.  They  lie,  when  at  rest,  obliquely  on  the 
body.  The  head  is  relatively  large,  and  often  prolonged  into  pro- 
cesses. The  rostrum  always  arises  low  down,  and  apparently  between 
the  front  legs ;  it  has  three  joints.  In  many  species  the  hind  legs 
are  springing  legs,  with  which  the  animal  jumps  before  flight.  The 
females  have  an  ovipositor,  and  often  lay  the  eggs  beneath  the  bark 
and  in  the  twigs  of  plants.  The  larvae  of  larger  species  may  live 
several  years  (fig.  474). 
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Fam.  Cicadellidae  (Kleinzirpon).  Jaxsnx  hignttatnx  Fabr.,  Ledra  aurita 
L.,  Tettigonia  inttata  L.  Aiilvrophora.  The  prothorax  is  trapezoidal  (seven- 
coruered).  The  larvfe  eject  a  bubbly  foam  out  of  the  anus  (cuckoo-spittle), 
and  envelop  themselves  in  it.  The  wing  covers  are  coriaceous.  Posterior 
tibi;e  have  three  strong  spines.    A.  simmaria  L. 

Fam.  Membracidae  (Buckelzirpen).  Centrotus  cornutvs  L.,  Mevihracis- 
lafnrdi.t  Fahr. 

Fam.  Fulgoridse  (Leuchtzirpen).  In  many  species  the  abdomen  is  thickly 
covered  with  long  strings  and  flakes  of  wax,  which  in  one  species  {Flata 
limhata)  is  so  richly  secreted  that  it  is  collected  and  sold  as  Chinese  wax. 

Fulgora  laternaria  L.,  the  lantern  carrier  of  Surinam,  is  erroneously  said  by 
Merian  to  emit  light  from  its  lantern-shaped  frontal  process.  F.  candelaria 
L.,  Chinese  lantern-carrier.  Lystra  lanata  L.,  and  other  American  species. 
Flata  Um'bata  Fabr.,  China. 

Fam.  Cicadidae  =  Stridulantia  (Singcicaden).  The  thick  abdomen  of  the 
male  is  provided  with  a  voice  organ,  which  produces  loud,  shrill,  chirping 
sounds  (fig.  47J:).  They  are  very  shy,  and  remain  concealed  betweeh  leaves  in. 
the  day  time.  They 
feed  on  the  juices 
of  young  shoots,  and 
their  puncture  causes 
a  flow  of  sweet  plant 
juices,  which  harden 
and  become  manna 
( Cicada  orni  L., 
Sicily).  The  females 
have  a  saw-like  ovi- 
positor  placed  be- 
tween two  jointed 
valves.  The  larvae, 
when  hatched,  crawl 
on  the  earth,  into 
which  they  burrow 
with  their  shovel-like 
front  legs,  and  suck 
the  juice  of  roots. 
Cicada  orni  L.,  South  Europe.  C.  s^cptumdccim  Fabr.,  Brazil.  C.  limnatodi-st  L., 
South  Germany. 

Sub-order  4.  Hemiptera  (Bugs).  The  wings  of  the  front  pair  are  half 
horny  and  half  membranous  [hemielytra),  and  lie  horizontally  on  the 
body.  Many  species  are  apterous,  as  are  the  females  of  some  species, 
of  which  the  males  have  wings.  The  first  thoracic  segment  is  large, 
and  freely  moveable.  The  proboscis  arises  from  the  frontal  region, 
and  when  at  rest  usually  lies  folded  beneath  the  thorax.  Some- 
species  of  the  Reditvidce  produce  a  shrill  sound,  as  Pirates  stridulus, 
by  the  movement  of  the  neck  on  the  prothorax. 

Tribe  1.  Hydrocores  =  Hydrocorisse  (Water-bugs).  The  antenna 
are  shorter  than  the  head,  having  only  three  or  four  joints,  and  are 


Fig.  4:7i.— Cicada  orni  (after  Packard),    a,  Larva,    b,  Pupa. 
c,  Male,    Ti/,  Singing  apparatus. 
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more  or  less  hidden  from  view.  The  rostrum  is  short.  They 
feed  on  iinimal  juices. 

Fam.  NotonectidsB  (Riickenschwimmer).  Corixa  striata L.,  Notonccta  gUuca 
L.,  water-bun-. 

Fam.  NepidsB,  water-scorpions  (fig.  475).  Nauroru  cimiaoiden  L.,  Xrpa 
oinerea  L.,  water-scorpion.  Jtanatra  lincaru  L. 

Tribe  2.  Geocores  (Land-bugs).  Antennae  directed  forwards,  and 
of  medium  length,  having  four  or  five  joints.  The  rostrum  is  usually 
long. 

Fam.  Hydrometridae  {PlotereK)  (Wasserlaufer).  Hydrometva  lacuUrm  L., 
Limnobatca  stannorum  L.,  Vclia  rirvlormn  Latr. 

Fam.  ReduvidsB  {Reduvini)  (Schreitwanzen).  Reduriu.i  perxoyiatia  L., 
Pirates  stridvlvs  Fabr.,  South  Europe. 

Fam.  Acanthiadse  {Memltranacei),  skin-bugs.  Acanthi  a  lectularia  L.,  bed- 
bug.   Aradiis  dvpregsus  Fabr.  {corticalis  L.). 

Fam.  Capsidae  ( Blind wanzen),  Capsus  trifasciatus  L., 
Mi?'is  erraticus  L. 

Fam.  Lygaeidse  {Lygceodes)  (Langwanzen).  Lygcetis 
eqiiestris  L.,  Pyrrhocorin  aptarm  L.  (Feuerwanze). 

Fam.  Coreidae  {Cor  codes)  (Eandwanzen).  Cor  ens 
margiyiatua  L.,  Alydus  calearatus  L. 

Fam.  Pentatomidse  (Schildwauzen).  Pcntatomajuni- 
pera  L.,  P.  rufipes  L.,  P.  oleracea. 

Order  6. — Diptera  *  (Antliata). 

Insects  with  fiercing  and  sucking  mouth  imrts, 
with  membranous  front  wings.  The  hind  loings 
reduced  to  small  knobs  (halteres).  The  metamor. 
2)hosis  is  complete. 

The  designation  of  this  order,  which  is  de- 
rived from  the  apparent  number  of  the  wings, 
does  not  correspond  accurately  to  the  actual 
Two  pairs  of  wings  are  present,  the  front  paii- 
always  as  lai'ge  glassy  and  ti-ansparent  plates,  the  hind  paii-  in  a 
rudimentary  condition  as  stalked  knobs  {Jialteres).  On  the  innei* 
margin  of  the  front  wings  two  lobes  are  marked  off  by  indentations ; 
an  outer  lobe  [ahda),  and  an  inner  one  (squama)  which  may  cover 

*  J.  W.  Meigen,  "  Systematischc  Beschreibung  der  bekannten  europaischen, 
•zweifliigeligen  Insectcu,"  7  Tlieile.  Aachen,  1818-1838. 

Wiedemann,  "  Aussereuropaische  zweifliigelige  Insecten."  2  Theile.  Hamm. 
1828-1 83U. 

N.  Wagner,  "  Ueber  die  viviparen  Gallmiickenlarven, "  -^Tci^sc/m ?rm. 
J^ool,  Tom.  XV.,  1865. 

A.  Wcissmann,  "  Die  Entwickelung  der  Dipteren.''  Leipsig.  1864. 

A.  Weissmann,  '•  Die  Metamorphose  der  Corethra  plumicornis,"  18(!fi. 


Fig.  -175. — Nepa  cinerea 
(regne  animal). 

state  of  matters. 
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the  hiiid  \^angs.  The  latter  are  composed  of  a  spherical  head  at  the 
end  of  a  thin  stalk.  Leydig  described  at  the  base  of  the  halteres  a 
ganglion  with  nerv^ous  rods,  which  he  concluded  was  an  auditoiy 
apparatus.  The  head  is  freely  moveable,  and  usually  spherical  in 
foi-m.  It  is  articulated  to  a  short  and  narrow  neck,  and  is  dis- 
tinguished by  the  large  facetted  eyes,  Avhich  in  the  male  sex 
may  meet  in  the  median  line  of  the  face  and  frontal  region. 
Thei-e  are  as  a  rule  three  ocelli.  The  antennse  are  constructed  on 
two  different  types ;  they  maj^  either  be  very  short  and  composed 
of  three  joints,  frequently  beai'ing  a  tactile  hair  at  the  extremity 
(arista),  or  they  may  be  filiform  and  of  considerable  length  and 
composed  of  a  great  number  of  joints.  But  since  in  the  first  case 
the  terminal  joint  is  again  divided  into  a  number  of  smaller  joints, 
and  the  tactile  hair  may  be  also  jointed,  it  is  impossible  to  draw  a 
sharp  distinction  between  the  two  types.  The  mouth  parts  form  the 
kind  of  suctorial  tube  known  as  a  proboscis  (liaustelluni),  in  which 
the  jaws  (mandibles  and  maxillse)  and  an  unpaired  rod  {epipharynx) 
attached  to  the  upper  lip  may  appear  as  horny,  setiform  or  knife- 
shaped  piercing  organs.  When  the  maxillte  only  are  present  as- 
paired  rods,  the  unpaired  piercing  stylet  seems  to  correspond  to  the 
fused  mandibles.  The  proboscis,  which  is  principally  formed  by  the 
labium,  ends  with  a  swollen  spongy  tongue,  and  is  without  labial 
palps,  while  the  maxillfe  are  pro^dded  with  palps,  which,  in  cases  of 
fusion  with  the  labium,  are  situated  on  the  proboscis.  The  abdomen 
is  frequently  stalked,  and  consists  of  five  to  nine  segments.  The  legs 
have  five-jointed  tarsuses,  which  end  with  claws  and  usually  with 
sole-like  lobes  for  attachment. 

The  nervous  system  presents  very  different  degrees  of  concentr-a- 
tion  according  to  the  length  of  the  body.  While  in  flies  of  very 
stout  build,  the  ganglia  of  the  abdomen  and  thorax  fuse  together  to 
form  a  common  thoracic  ganglion ;  in  the  Diptera  with  longer 
bodies,  not  only  are  the  three  thoracic  ganglia  distinct,  but  several, 
even  five  or  six,  separate  abdominal  ganglia  are  present.  With 
regard  to  the  alimentary  canal,  the  presence  of  a  stalked  suctorial 
stomach  as  an  appendage  of  the  cesophagus  and  the  number — four — 
of  the  Malpighian  tubes  may  be  mentioned.  The  two  tracheal 
trunks  are  dilated  to  two  gi-eat  vesicular  sacs  at  the  base  of  the 
abdomen.  This  is  coiTelated  with  the  power  of  active  flight  possessed 
by  these  insects. 

The  male  genital  organs  consist  of  two  oval  testes  with  short  vasa 
deferentia,  to  whicli  are  added  firm  copulatory  appendages.  The 
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ovaries  are  not  connected  with  any  special  bursa  copulatrix,  but 
have  three  receptacula  seminis  in  connection  with  the  vagina 
(fig.  449),  and  often  end  with  a  retractile  ovipositor. 

There  is  rarely  a  striking  difference  between  the  two  sexes.  The 
males  have  as  a  rule  larger  eyes,  which  in  some  cases  meet  each  otlier 
in  the  middle  line ;  their  abdomen  also  is  frequently  differently 
shaped  to  that  of  the  female,  and  in  exceptional  cases  the  colouiing 
is  different  (Bibio).  The  mouth-parts,  too,  may  differ  ;  for  example, 
the  male  gad-flies  (Tahanidce)  are  without  the  knife-shaped  mandi- 
bles, which  form  the  principal  part  of  the  female  armature.  The 
males  of  the  Gulicidce  also  are  without  the  piercing  weapons,  and 
have  multiarticulate  hairy  antenna?,  w^hile  the  antennae  of  the  female 
are  filiform,  and  are  composed  of  fewer  joints.  , 

The  metamorphosis  complete,  and 
the  larvfe,  which  are  usually  apodal, 
have  either  a  clearly  sepai-ate  head 
with  antennfe  and  ocelli  (most  Nenio- 
cera),  or  a  short,  usually  retracted, 
cephalic  region,  without  antennas  or 
eyes  (at  most  with  an  X-shaped  pig- 
ment spot),  with  quite  rudimentary 
mouth  parts,  sometimes  with  two  oral 
hooks,  serving  for  attachment. 

In  the  first  case  the   larvae  have 
masticating  mouth-parts  and  feed  on 
other  animals  ;  in  the  latter  case  they 
are  known  as  maggots  and  suck  up 
Pia.  m.-Meiophagus  ovhius.  b,  Hip-  fluids  Or  semi-liquid  substances.  After 

jDoi&scu  egatna  (after  Packard). 

several  moults  the  larvae  either  change 
within  the  hardened  larval  skin  to  pupae  (P.  coarctata),  or  casting 
the  larval  skin  are  transformed  into  moving  pupae  {F.  obtecta),  which 
often  swim  freely  in  water,  and  may  be  pro^aded  with  tracheal  gills. 
The  differences  which  the  development  of  the  ranged  insect  from 
the  larval  organism  presents  in  the  two  groups  have  been  already 
mentioned  (p.  550). 

Many  Diptera  when  flying  give  rise  to  buzzing  sounds.  This  is 
caused  by  the  \abrations  of  various  parts  of  the  body;  partly  of 
the  wings  and  partly  of  the  segments  of  the  abdomen,  with 
participation  of  the  voice  apparatus  on  the  four  stigmata  of  tlie 
thorax.  Here,  beneath  the  margins  of  the  stigmata,  the  tracheal 
trunk  forms  a  vesicle  with  two  delicately  folded  leaflets,  which 
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•are  set  in  vibration  beneath  two  external  valves  by  the  expiration 
of  ail'. 

Sub-order  1,  Pupipara*  (fig.  476).  Lice  flies.  The  body  is 
stout ;  the  three  thoracic  segments  are  fused  together,  the  abdomen 
is  broad  and  often  flattened.  The  antennse  are  short,  and  often 
consist  of  but  two  joints.  The  suctorial  proboscis  is  formed  by  the 
upper  lip  (labrum)  and  the  maxillfe.  The  legs  are  provided  with 
toothed  clasping  claws,  and  the  wings  may  be  rudimentary  or 
absent.  The  development  of  the  embryo  and  of  the  larva  takes 
place  in  the  uterus-like  vagina.  The  maggot  which  issues  from  tbe 
egg  (without  pharyngeal  framework  or  buccal  hooks)  swallows  the 
secretion  of  large  glandular  appendages  of  the  uterus  (fig.  451) ;  it 
undergoes  several  moults,  and  is  completely  developed  when  it  is 
boi-n,  which  occurs  just  before  it  enters  the  pupal  stage.  They  are 
parasitic,  like  lice,  on  the  skin 
of  warm-blooded  animals,  rarely 
of  insects. 

Braula  cceca,  Nitzsch.,  Bee  louse. 
Nycterihin  Latreillei  Curt.,  without 
eyes  and  is  parasitic  on  species  of 
Vespertilio.  Melopliagus  ovinvs  L., 
Sheeptick.  Anapera  pallida  Meig., 
parasitic  on  Swallows.  Hipjfobosca 
equina  L.,  horse-louse. 

Sub -order    2.     Brachycera         ^  ^ 
{Flies).    Body  of  very  various  a 

shape,     frequently    thick     and    Fig.  m.—GattropMus  equi  (after  1\  Brauer). 

stout,  with  an  abdomen  com-  ^™  ^' 

posed  of  from  five  to  eight  segments.  Antennae  short,  and  usually 
composed  of  three  joints  with  large,  usually  secondarily  ringed 
tei^minal  joint,  to  which  is  attached  a  simple  or  ringed  bristle. 
Wings  are  almost  always  present.  The  larvse  live  in  decaying 
matter  in  earth  and  water,  partly  also  as  parasites ;  they  are,  in 
great  part,  maggots  with  hooked  jaws,  and  pass  into  the  pupal 
stage  within  the  moulted  cask-shaped  larval  skin  (fig.  477).  Many 
of  them  have  the  form  of  a  pupa  obtecta. 

Tribe  1.  Muscaria.  With  frontal  vesicle;  proboscis  usually  with 
fleshy  terminal  lobe ;  maxillae  as  a  ride  aborted  ;  larvte  without  jaw 

*  L.  Dufour,'"  Etudes  anatomiques  et  physiologiques  sur  les  Insectes  Dipt(!;ves 
de  la  famille  des  Pupipares."    A/m.  dci  Sc.  Nat.,  II.  ser.,  Tom.  III.,  18-i3. 

E.  Leuckart,  "  Die  Fortj^flanzuiig  und  Entwickelung  der  Pupiparen."  A  hhand 
der  naturf.  Geselhchaft  zn  Halle,  Tom.  IV. 
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ciipsule  and  as  a  rule  with  two  or  four  oral  hooks.  The  pupae  are 
III  ways  barrel  -shaped . 

Fani.  Phoridae,    Phora  incrannata  Mcig.    Live  as  larvffi  in  Bee  hives. 

Fani.  Acalyptera.  Tnjprtu  Cardiii  L.,  Tr.  sh/nata  Meig.,  in  cherries. 
Chlorops  Unrata  Fabr.  (Weizcnfliege),  Larvae  in  blades  of  grass.  ScatopUija 
stercoraria  L..  duug-flies,  on  dung  heaps.    Piophila  caxci  L.,  cheese-flies. 

Fam.  Muscidae.  Musva  doviestica  L.,  house-fly.  ^f.  Cffxar  L.  (Goldttiege). 
M.  voniiforia  L.,  the  abdomen  is  of  a  shining  blue  colour.  J/,  cadavcrina  L.. 
(Aasfliege).  Sarcophaga  rarnaria  L.  (Fleischfliege),  viviparous.  Taehiua 
jmpamiu  Fabr.,  T.  (Chrysosnma)  rtrvVZ/.v  Fall.,  T.  grossa  L.,  T.  larvaruvtL.  The 
larvie  are  parasitic,  principally  in  caterpillai'S. 

Fam.  Conopidse.  Conops  ftavipen  L.,  the  larvfe  live  in  the  alxlomen  of 
Rymenoptera.    C.  rvfipeH  Fabr.  (in  (Edipoda). 

Fam.  Stomoxyidse.  Stnmoxys  calcitvam  L.  (Stechfliege),  resembles  the 
house-fly. 

Fam.  CEstridae*  (Biesfliegen).  The  proboscis  is  aborted.  The  females  have 
an  ovipositor  and  lay  their  eggs  or  their  living  larvae  (in  which  case  the 
ovipositor  is  absent)  on  certain  places  on  Mammalia,  e.g.,  in  the  nostrils  of 
Stags,  or  on  the  breast  of  the  Horse.  The  larvae  with  dentated  body  rings, 
and  frequently  with  oral  hooks,  live  in  the  fi'ontal  sinuses,  beneath  the  skin) 
and  even  in  the  stomach  of  certain  Mammalia.  Under  the  skin  they  produce 
boils.  Hypodevma  hovi.s  L.  II.  Actceon  Br.,  on  the  Stag.  H.  tarandi  L. 
Dcrmatohia  lumiinis  Goudot,  on  Euminants,  Fi'lidcc  (Jaguar)  and  Men  in 
South  America.  (Ustnis  avribarbis  Wied.  The  larvae  are  brought  by  the  flies 
into  the  nasal  cavities  of  the  Stag.  Gastrus  QGastropiliilus)  equi  Fabr.  (fig. 
477).  The  egg  is  deposited  on  the  breast  of  the  Horse,  and  licked  oft  by  the 
latter.  The  larva,  when  hatched,  attaches  itself  to  the  walls  of  the  stomach  by 
its  oral  hooks,  undergoes  several  moults,  and  is  passed  with  the  excrements 
before  the  pupal  stage. 

Fam.  Syrphidae  (Schwebfliegen).  Syiphus  pirastri  L.,  Erixtalis  Umax  L., 
E.  cBiunis  Fabr.    Larvfe  with  respiratory  tube,  in  sewers  and  stagnant  water. 

Fam.  Platypezidse  (Pilzfliegen).    PI.  holetina  Fall. 

Tribe  2.  Tanystomata.  The  proboscis  is  usually  long  and  has 
stylifoi-m  predatory  jaws.    Larvae  with  jaw  sheath  and  hooked  jaws. 

Fam.  Dolichopodidae.    BolicJiojms  2fe>i»atvs  Meig.    D.  nobiUtatiis 'L. 
Fam.  Empidse  (Tanzfliegen).    Empis  tes-ielata  Fabr. 

Fam.  Asilidae  (Raubfliegen).  Aslliix  g ermuniciis  L.,  A.  crahroniformi.^  L., 
La2)^iria  gihbo^d  Fabr.    L.  flavd.  Fabr. 

Fam.  Bombyliidae  (Hummelfliegen).  Anthrax  viorio  Fabr.  Qsinuatux  Fall.). 
The  larvfe  live  in  the  nests  of  Megaahile  muraria  and  Osmia,  tricornh. 
Bomhyliux  major  L.,  B.  ■laediii.s  L. 

Fam.  Henopiidae.  Benop.<t  gihho.mx  L.  (Mundhornfliege).  Lasla  flav\tarsi.s 
Wied. 

Fam.  Therevidae  (Xylofowa-),  (Stilettfliegen).  Thercra  amivlata  B'abr. 
Tli.pilchcja  L.,  Sccmphms  fe7iristralu  L. 

Fam.  Tabanidae  (Gadflies).  Proboscis  short,  horizontally  projecting,  and 
provided  witli  six  or  four  (male)  stylets  and  tAvo-jointed  palp.    In  the  male 

*  F.  Brauer,  '•  Monographic  der  (Estridcn."    Wieu,  1863. 
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the  knife-shaped  mfindibles  are  wanting.  Their  puncture  is  severe,  and  they 
Slick  blood.  C/iri/.s'oj).<i  coerutiens  L.,  Tahanus  havimts  L.  (Kinderbremse) . 
Jlfeiiiatojwfa  phictalis  L.  (Resenbremse). 

Fam.  Leptidse  (Schnepfenfliegen).  LcjJtu  acolopacea  L..  L.  vermileo  L., 
South  Europe.  The  larva  digs  holes  in  the  sand,  and  there,  like  the  Ant-lion, 
captures  insects. 

Fam.  Xylophagidae  (Holzfliegen).  Xylopharjus  iiiacuhUui^  Fabr.  The  lai'Vfe 
live  in  beech  wood.    Ber'n^  clavipes  L. 

Fam.  Stratiomyidse  (Waffesfiiegen).  Strati omys  chammleon  L.,  St.  Odim 
toiiDjia  hydroJcoii  L.,  Saryus  cvprarius  L. 

Sub-oi-der  3.    Nemocera    (Tipulariae).    Longhorns   (fig.  478). 
Biptera  of  elongated    form,  with  many-jointed,    usually  filiform, 
antennfe,  which  in  the  males  are  sometimes  tufted.    They  have  long 
slender  legs,  and  large, 
naked  or  hairy  wings. 
The  palps  are  usually 
of  considerable  leneth, 
and  Avith  four  or  five 
joints.    The  proboscis 
is   short   and  fleshy, 
and  often  armed  with 
pie^-cing    setfe.  The 
halteres  are  free.  The 
larvfe  have  usually  a 
pei'fectly  difierentiated 
head  (Uttcephala), move 
rarely  a  i-etractile  jaw 
capsule  ( Tijmlidw,  Ceci- 
domyia) ;  they  live  in 
water,  in  earth,  and 
in    vegetable  matter 
(galls  and  fungi),  and  some   of  them  have  a  respiratory  tube. 
After  moulting  the  larval  skin  the  eucephalous  larv£e  become  quies- 
cent or  freely  moveable  pupfe  ;  the  latter  are  provided  with  tracheal 
gills  on  the  neck  and  tail.    The  insect  when  hatched  swims,  till  the 
wings  are  hard,  on  the  burgt  pupal  skin  as  on  a  boat.    The  females 
of  many  species  suck  blood  (gnats),  and  become  a  veritable  pest  in 
certain  districts  where  they  appear  in  swarms. 

•  ^T.'  ^i!'""^'^*  iMnsciformcs-).    Body  fly-like  ;  antenn«3  six-  to  cleven- 
jointed.    The  abdomen  has  seven  segments.    Bihin  ward  L..  B.  hortnlanm  L 
The  males  are  black,  the  females  brick  red  with  a  black  head.'  Simadm  reptans 
h.,  S.  colwnhacschetms  Fabr.  (Kolumbaczer  Miicke).    Suck  blood     In  Hun- 
gary they  attack  the  herds  of  catilc  in  swarms. 

37 


Fig.  4,78.— Ceoid.omi/ia  tritici  (after  AVagner).    a,  Female 
with  protruded  ovipositor,    b.  Larva,    c,  Pupa. 
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Faiu.  Fungicolae  (Pilzmiickeii).  The  liirvae,  which  arc  w  itliout  rudimentary 
feet  on  the  second  segment,  live  in  fnugi.  Soiara  Tomci;  L.  The  larvaj  before 
entering  the  pupal  stage  come  together  in  great  numbers,  and  wander  about  in 
long  sinuous  chains.  Myvettipliila  fvara  Meig.,  (I'ilzmiicke),  Sciophila  viavu- 
lata  Fair.  (Scliattenniiicke). 

Fam.  Noctuiformes  (owl-likc  gnats).  I'sycliodu  jjJtakeiididis  L.,  l^yclioptera 
eonfaiiihuifa  L.  (Kaltcnnilicke). 

Fani.  Culiciformes.  The  larv«  live  in  water,  in  rotten  wood,  or  in  earth. 
CMronomvs  j'^"''"''""!"  I^-i  Corctlira  plumicornix,  Fabr.  The  larvaj  have  four 
tracheal  vesicles  and  a  circle  of  setie  on  the  anal  segment ;  live  in  water. 

Fam.  Culicidae  (gnats).  The  larvae  live  in  water  and  have  respiratory  tube 
and  appendages  at  the  posterior  end  of  the  body.  Oulexpiplcnx  L.  (Singmiicke). 
The  palp  of  the  male  is  tufted  and  longer  than  the  proboscis.  The  females 
sting. 

Fam.  Gallicolae  (gall-flies).     The  larvae  live  in  galls.  Ceciddmyiadextriictor 


Fig.  4/79— a,  Pulex  avium  (J  (af  ter  Taschenberg) .  ^Antenna  ;  3f<.  Maxillary  palp.  6,  Larva 

of  Pulex  irriUniK. 

Say,  Hessian  fly.  Notorious  in  the  United  States  as  a  destroyer  of  crops  since 
the  year  1778.  Imported  (?)  into  the  country  in  straw  by  the  Hessian  troops. 
C.  tritici  Kirb.,  in  wheat.  C.  sccalina  Loew.  C.  salicis  Schrk.  etc.  The  vivi- 
parous larvfe  belong  to  the  g.enus  Jfiastor. 

Fam.  Limnohiidae  (Schnaken).  The  larvte  are  found  in  earth  or  rotten 
wood.  T/j)7ilix,  olcracea  L.,  (Kohlschnaken).  Ctotojj/iora  atrataL.  (^Kamm- 
miicke). 

Sub-order  4.  Aphaniptera  (Fleas).  Biptera,  wdth  laterally  com- 
pressed body  and  distinctly  separated  thoracic  rings.  Wings  are 
absent,  but  there  are  two  lateral  plate-like  appendages  on  the  meso- 
and  meta-thorax.  The  antennae  are  very  short  and  arise  in  a 
depression  behnid  the  simple  ocelli.  The  mandibles  have  the  form 
of  toothed  saw-like  stylets,  the  maxillse  are  broad  plates  with  four- 
jointed  palps.    The  under  lip  (labium)  is  three-jointed  and  forms 
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the  proboscis  sheath.  The  larvfe  have  a  distinct  liead  and  jaws 
(fig.  479). 

Fam.  Pulicidae.  Pidex  irritans  L.,  flea  of  man.  The  dorsal  surface  of 
the  male  is  concave  and  serves  for  the  reception  of  the  larger  female.  The  large 
apodal  larvae  have  a  distinctly  separated  head,  and  live  in  sawdust  and 
between  boards,  where  the  elongated  oval  eggs  are  deposited.  Sarcopsnlla 
penetrans  L.,  sand-flea  (Chigoe),  lives  free  in  South  America  in  the  sand 
(fig.  480).  The  female  however  bores  into  the  skin  of  the  human  foot  and  of 
vai-ious  Mammalia,  and  there  deposits  the  eggs.  The  escaping  larvae  give  rise 
to  ulcers. 

Order  7. — Lepidoptera='=  (Butterflies), 

Insects  vnth  suctorial  mouth  parts,  which  form  a  spirally  rolled 
prohoscis,  with  four  similar  wi^igs  lohich  are  completely  covered  with 
scales,  with  fused  prothorax  and  complete  metamorp)hosis. 

The  head  is  moveably  articulated  and  thickly  cWered  with  hairs. 
It  bears  semi- 
cii'cular  facetted 
eyes  and  some- 
times tAvo  ocelli. 
The  antennte  are 
always  straight 
and  many- 
jointed,  but  vary 

much  in  form,  Fk*.  480.— a,  Gravid  female  of  Sarcopgylla  penetrans,  b,  Foot  of  si, 
being  often  seti-        ^^^^  mouse  with  Rhynchoprion  attached  (after  H.  Karsten). 

form  or  filiform,  or  even  club-shaped,  and  not  rarely  denticulate  or 
pectinate.  The  mouth  parts  are  modified  for  sucking  up  fluid 
nourishment,  especially  the  nectar  of  flowers,  but  are  occasionally 
very  short  and  hardly  capable  of  being  used.  The  upper  lip  and 
mandibles  are  reduced  to  ru.diments,  but  the  maxillte  are  elongated 
and  closely  jointed,  and  their  inner  sides  are  grooved,  so  that  when 
applied  together  they  form  a  tube — the  spirally  rolled  proboscis 
(fig,  481),  The  proboscis  is  furnished  with  small  spines  used  for 
tearing  the  nectaiies  of  flowers ;  while  the  nectar  ascends  through 
it  into  the  mouth,  being  sucked  up  by  pumping  movements  of  the 

*  E.  J.  C.  Esper,  "  Die  europaischen  Schmetterliuge  in  Abbildungeu  nach 
der  Natur,  mit  Beschreibungen."    7  Bde.  Erlangen,  1777 — 1805. 

F.  Ochsenheimer  und  F.  Treitschke,  "  Die  Schmetterlino-c  vou  Eur  oca  "  10 
Bde.  Leipzig,  1807-1835.  ^  ' 

W.  Herrich-SchafEer,  "  Systematische  Beschreibung  der  Schmetterlinee  von 
Europa."    5  Bde.  Regensburg,  1843-1855.  ^ 

W.  Herrich-Schaffci-,  "  Lepidopterorum  exoticorum  species  novEe  aut  minus 
cognitie.    Regensburg.  1850-18f)5. 
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cesophagus.  Tlie  maxillary  palps  are  as  a  rule  rudimentary  (except 
in  the  Tineidce).  When  at  rest  tlie  proboscis  lies  rolled  up  beneath 
the  mouth,  and  on  either  side  of  it  are  placed  the  large  three-jointed 
labial  palps,  which  are  often  tufted  with  hairs  and  are  situated  on 
the  rudimentary  triangular  lower  lip. 

The  three  thoracic  rings  are  intimately  fused  with  one  another,  and 
like  almost  all  external  parts  of  the  body  are  thickly  covered  with 
hairs.  The  wings  are  in  most  cases  very  large,  but  in  rare  cases 
are  quite  rudimentary  (female  Geometridm) ;  the  anterior  are  the 
largest,  and  are  distinguished  by  their  partial  or  complete  covering  of 
scale-like  haii-s  which  overlap  one  another  in  a  tectiform  manner, 
and  cause  the  extremely  vaiious  colouring,  tracing,  and  iridescence  of 
the  ^\'ings.    These  scales  consist  of  small,  usually  finely  ribbed  and 

toothed  plates,  which 
are  attached  by  styli- 
form  roots  in  pores  of 
the  integument  of  the 
wings,  and  are  com- 
parable to  flattened 
out  hairs.  They  arise 
during  the  pupal 
period.  The  arrange- 
ment of  the  ner-\T.ires 
is  of  systematic  value. 
The  essential  arrange- 
ment is  a  large  median 
cell  near  the  root  of 
the  wing,  from  which 
six  to  eight  radial 
nervures  pass  to  the 
external  lateral  edges,  while  above  and  below  the  middle  cell  single 
independent  nervures  run  parallel  to  the  upper  or  lower  fringed 
margin.  The  two  pairs  of  wings  are  frequently  connected  with 
one  another  by  retinacula,  the  upper  edge  of  the  hind  wings  being 
covered  by  spines  or  setfe,  which  catch  in  a  band  of  the  anterior 
wings.  The  legs  are  delicate  and  weak,  their  tibise  are  armed  \\ath 
spurs  of  considerable  size.  The  tarsuses  are  in  general  five-jointed. 
The  abdomen  has  six  or  seven  segments  and  is  thickly  covered  with 
hairs,  and  ends  not  unfrequently  with  a  strongly  projectmg  tuft  of 
hairs. 

Nervous  system.— The  brain  is  bi-lobed,  and  is  provided  with  large 


Fig.  481.— Mouth-parts  of  biitterflies,  (after  Saviguy)  ;  n, 
of  Zygoma ;  b,  of  Noctua.  A,  Antennge ;  Oc  eyes ;  Md, 
mandibles ;  Mxt  maxillary  palp ;  Mx,  maxilla ;  Lt,  labial 
palp ;  Lr,  labrum. 
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optic  lobes,  and  special  swellings  for  the  origin  of  the  antennal 
nerves.  The  ventral  ganglionic  chain  is  reduced,  leaving  the  subceso- 
phageal  ganglion  out  of  consideration,  to  two  thoracic  ganglia  (of  which 
the  larger  second  ganglion  shows  traces  of  constrictions  and  arises 
from  the  fusion  of  four  ganglia)  and  four  or  five  ganglia  in  the 
abdomen.  In  the  larval  condition,  on  the  other  hand,  there  are 
eleven  paii-s  of  ventral  ganglia. 

The  alimentary  canal  possesses  a  long  oesophagus,  which  is 
connected  with  a  stalked  suctorial  stomach,  and  usually  six  much 
coiled  Malpighian  tubes,  of  which  the  three  on  either  side  open  by  a 
common  duct  (figs.  47  and  48). 

Generative  organs. — The  ovaries  consist  on  either  side  of  four 
very  long  many-chambered  egg-tubes,  which  contam  a  great  quantity 
of  eggs,  and  have,  in  consequence,  a  moniliform  appearance.  The 
duct  apparatus  always  possesses  a  long-stalked  receptaculum  seminis 
with  glandular  appendages,  and  a  large 
bursa  copulatrix  which  opens  indepen- 
dently beneath  the  genital  opening.  The 
two  long  testicular  canals  are  packed  to- 
gether so  as  to  form  an  unpaii^ed,  usually 
brightly  coloured  body,  from  which  pass 
ofi'  the  two  vasa  deferentia,  which  are 
much  convoluted  and  receive  the  con- 
tents of  two  accessory  glandular  tubes 
before  uniting  to  form  a  ductus  ejacu-  fig.  482.-a,  Female  of 
latorius.    The  two  sexes  are  often  so  Case  of  the  male ;  d, 

T  J.  •       •  ,  ,     ,  of  the  female  caterpillar, 

dilterent  m  size,  colour,  and  the  struc- 
ture of  the  wings,  that  there  is  a  sexual  dimorphism.  The 
males  are  often  more  brightly  and  beautifully  coloured  (a  means 
of  exciting  the  females).  The  dimorphism,  or  even  polymorphism 
(seasonal  dimorphism),  found  in  the  female  sex  of  many  butterflies, 
is  worthy  of  remark.  Parthenogenesis  occurs  exceptionally  ha  silk- 
worms {Bombyx  mo7-i),  in  many  Psychidce,  and  some  moths  [Soleno- 
bia),  the  larva-like  females  of  which  have  no  wings  (fig.  482). 

Bevelopment.— The  larvas  when  hatched  (caterpillars)  possess 
masticating  mouth  parts  and  feed  principally  on  plants,  leaves  and 
wood.  On  the  head,  which  is  large  and  covered  with  hard  skin, 
there  are  a  pair  of  three-jointed  antennae  and  six  ocelli,  each  of 
which  is  divided  into  three  parts.  In  all  cases  there  are  abdominal 
feet  behind  the  three  pairs  of  conical  five-jointed  thoracic  legs. 
There  may  be  only  two  pairs  of  such  legs,  as  in  the  caterpillars  of  the 
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Geonietridce,  or  five  pairs,  wliich  then  belong  to  the  third  to  the  sixth 
and  the  last  abdominal  segments.  The  caterpillars  establish  them- 
selves before  passing  into  the  pupal  stage  in  some  protected  place,  or 
they  spin  cocoons  and  become  transformed  into  pu2)ce  obtectce*,  from 
which  the  winged  insects  issue  either  in  a  few  weeks  or  in  the 
following  year.  The  winged  insects,  as  a  rule,  live  only  for  a  short 
time,  and  die  after  copulating  and  laying  their  eggs.  Some  of  them, 
however,  pass  the  winter  in  sheltered  localities  (Rhopalocera).  Some 
very  widely  distributed  species  of  caterpillars  cause  great  damage 
to  forests  and  cultivated  plants,  a  damage  which  is,  however,  limited 
by  the  persecution  which  they  suffer  from  certain  Ichneumonidce  and 
Tachinaria.  Fossil  remains  of  butterflies  have  been  found  in  tertiary 
formations  and  in  amber.  Linnjeus'  classification  of  the  Lepidojytera 
into  diurnal,  twilight,  and  nocturnal  butterflies  has  been  superseded 
by  the  establishment  of  several  groups  and  a  number  of  families. 

Tribe  1.  Microlepidoptera.  Very  small  and  delicately  formed 
LepidojJtera,  usually  with  long  setiform  antennte.  The  caterpillars 
have  as  a  rule  sixteen  legs,  of  which  the  abdominal  feet  are  provided 
with  a  circle  of  hooks  round  the  sole.  Many  of  them  bore  passages 
in  the  parenchyma  of  leaves,  others  live  in  leaves  folded  together, 
and  others  in  buds.  Some  few  are  found  in  water,  e.g.,  Nymplmla 
and  other  Pyrcdidce.  The  gieater  number  remain  hidden  during 
the  day. 

Fam.  Pterophoridae  (Federgeistchen).  Phime-moths.  Fter(i2)h<irnx  penta- 
dartyhis  L.,  Pt.  ptcrvilactijlus  L.,  Alncita  hcxadactyla  L. 

Fam.  TineidsB  Yjwnomcnta  evonyiiu'lla  L.,  spindle-tree  moth.  The  cater- 
pillars live  together  in  cocoons  ;  several  species  live  on  ft-uit  trees.  Solenohla 
]}meti  =  licheneUa  L.,  S.  triquctrclla  Vi^ch..  R.,  the  female  is  apterous.  The 
caterpillars  (sac-bearers)  live  in  short  sacs.  Some  of  them  reproduce  partheno- 
genetically.  Tinea  (iranella  L.,  (Kornmotte).  Lays  its  eggs  in  grain.  The 
caterpillars  (known  as  grain  worms)  eat  the  grain.  T. pclVioneUa  L.,  (Pelzmolte) 
T.  tapezclla  L.  (Tapetenmotte).  Clothes-motht 

Fam.  Tortricidae  (Wickler).  Torf W ,r  rir<V/rt?i«  L.,  in  the  oak.  Graph oVitha 
funehraiia  Tr.,  in  plums.     Gr.  {Car^wca^Jxa^  jjomoncUa  L.,  in  apples. 

Fam.  Pyralidae  (Ziinslcr).  Cramhus  ^yamtellun  L.,  Botys  urticalk  L., 
Galleria  mdliondla  L.,  in  bee-hives.  Pyralis  jntufuinalis  L.  (Ftttschabe).. 
Tabby-moth.   Sapttla /ruiiie!itali.iL.  (Saatmotte). 

Tribe  2.  Geometrina.  Loopers.  For  the  most  part  of  slender  build 
and  with  large  wings,  which  in  repose  are  tectiform.  The  antenni« 
are  setiform  and  the  basal  joint  is  thickened.  The  caterpillars  have 
ten  to  twelve  feet ;  they  move  in  a  looping  manner.    When  at  rest 

*  Compare  M.  Herold,  "  Entwickeluiigsgcschichte  der  Schmetterlljige. " 
Cassel  und  Marburg,  1815. 
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they  cling  with  the  posterior  feet.  Many  species  are  hvirtful  to  fruit 
trees. 

Fam.  Phytometridae.  Lurentia populaia  L.,  Chevmatohia  hrimata  L.,  frost 
butterflies.  The  females,  which  have  raclimentary  wings,  lay  their  eggs  on  the 
trunks  of  fruit  trees  in  late  autumn. 

Fam.  Dendrometridse.  Achhdm  orlircata  Scop.,  Geimatra  papiUonaria  Ij., 
Ahraxas  (Jierene)  f/russulariata  L.,  harlequin,  Magpie  Moth. 

Tribe  3.  Noctuina  (Eulen).  ISTocturnal  Lepido2}tera  with  broad 
body  which  is  narrower  behind,  and  dull  coloured  wings.  The 
antennJB  are  long  and  setiform,  in  the  male  sometimes  pectinate. 
The  wings  when  at  rest  are  tectiform.  The  legs  are  long  and  have 
sti-ong  spurs  on  the  tibife.  The  caterpillars,  which  are  sometimes 
naked,  sometimes  covered  with  hairs,  have  usually  sixteen,  more 
rarely,  in  consequence  of  the  reduction  or  absence  of  the  anterior 
legs,  fourteen  or  twelve  legs.  The  greater  number  pass  the  pupal 
stage  in  the  earth. 

Fam.  OpMusidse  (Ordensbander).  Gatocala  paranymplia  L.  (gelbes  Ordens- 
band).  C.  fra.i-ini  L,  (blaues  Ordensband).  C.  nupta  L,,  C  spoma  L.,  C. 
promissa  Esj).  (rothe  Ordensbander). 

Fam.  Plusiadae  (Goldeulen).    Phisia  gamma  L.,  PI.  chrysitis  L. 

Fam.  Agrotidae.    Az/rotis  segetum  tr.  A.  tritici  L.,  Triplice^na  promiha  L. 

Fam.  Orthosiadae.    Ortliosiajota  L. 

Fam.  CucuUiadse.    Cucullia  verhasci  L.,  V.  ab.sgutkii  L. 

Fam.  Acronyctidae.  Acromjcta  2)si  L.,  A.  rumirk  L.,  Diloha  cceruleocepliala 
L.    The  caterpillar  is  harmful  to  fruit  trees. 

Tribe  4,  Bombycina  (Spinner).  Nocturnal  Lepidoptera  of  clumsy 
build,  with  body  thickly  covered  with  hairs  so  as  often  to  have 
a  woolly  appearance.  The  antennae  are  setiform,  and  in  the  male 
pectinate.  The  wings  are  tolerably  broad  and  tectifoi-m  when  at  rest. 
The  larger  and  clumsiei-  females  ily  but  Kttle  ;  but  the  males,  which 
are  often  brightly  coloured,  move  with  greater  rapidity.  In  some 
cases  the  wings  are  reduced  {Orgyia)  or  are  absent  {Psyche)  in  the 
female  sex.  The  eggs,  which  are  often  laid  in  groups  and  are  covered 
with  a  woolly  mass,  give  origin  to  caterpillai-s  wdth  sixteen  legs  and 
a  thick  covering  of  hairs ;  the  caterpillars  spin  complete  cocoons  in 
which  they  become  pupse  above  ground.  The  catei-pillars  of  some 
species  live  together  in  common  cocoons ;  some  [Psychidce)  prepare  a 
.sac  in  which  they  conceal  then-  bodies.    Parthenogenesis  occurs. 

Fam.  Euprepiadae  (Barenspinner).  The  caterpillars  with  very  lougTiairs,  are 
known  as  bear  caterpillars.    Eupnpia  caja  L.,  E plantagin't!^,  etc. 

Fam.  Liparidse.  Liparis  monaclia  L.,  the  caterpillar  is  very  harmful  to  leafy 
trees  and  ConiferfE.  L.  di-ipar  L.,  Orgyia  antitpia  L.  The  female  is  apterous. 
0.  {JDasyoJiira')  pudibu/ida  L. 
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I<a.n.  Notodontidee.  Not,„huta  ziazac  L.,  N.  dromedarin,  L.  C,irt1u,ramva 
2m,crs.nonc,,  L  the  cateri.iUar.s  live  on  oaks.  Harpyiu  viuula  L.  (Gabel- 
schwauz).  Ihc  caterpillar  has  pharyngeal  gland  and  tsxo  protrusil.le  anal 
nlanients. 

Fam.  BombycidsB.  Gmtroparlia  tjuevrifolm  L.  (Kupforgiucke).  G.  potafnria 
L...  6r  ruJn  L.,  G.  pinl  L.,  Olisiocampa  iinintria  L.  ;  Bnmhijx  mnri  L  Silk- 
spmner  originally  from  South  Asia,  but  now  bred  iu  South  Europe  and  China 
on  account  of  the  silk  obtained  from  its  cocoons.  The  caterpillar  (silkworm) 
hves  on  the  leaves  of  the  mulberry.  (The  disease  of  silkworms,  the  muscardine 
IS  produced  by  Botvi/tix  Baxsiana). 

Fam.  Saturnidae.  Saturnia  pyri  Borkh.  S.  rarpini,  spini  Borkh.,  Attaav>! 
cyiithia,  Yamamai,  ceornpia  cultivated  for  silk.  Af/lia  tan  L. 

Fam.  Psychidae.    The  caterpillars  carry  about  sacks  in  which  they  are  trans- 
formed into  pupfB.    Psyche  atra  L.,  P.v.  helix  L.    The  sacs  are  spirally  coiled' 
and  have  a  second  lateral  opening,  and  are  different  in  the  two  sexes.  Fnmea 
nltidella  Hb. 

Fam.  Zygaenidae.    Zyr/cumi  JrVqjeHdnlce  L. 

Fam.  Cossidae.  The  caterpillars  live  mostly  in  the  medulla  of  plants.  Cofxnf; 
lignijpcrda  Fabr.,  mcvli  L.,  IIq)ioh(s  hvimili  L.  The  caterpillar  lives  iu  hop 
roots. 

Tribe  5.  Sphingina  (Scliwarmer).  Zej;iVZo?ji!era  witli  elongated  body, 
pointed  at  the  end,  and  usually  a  very  long  rolled  proboscLs.  The 
anterior  wings  ai-e  long  and  narrow.  Tlie  hind  wdngs  are  short. 
The  antennas  are  short,  and,  as  a  rule,  taper  at  the  points.  The  wings 
lie  when  at  rest  horizontally  on  the  body  and  always  have  a  i-etina- 
culum.  The  caterpillai-s  are  flat,  and  provided  with  an  anal  horn  and 
sixteen  legs.  They  pass  their  pupal  stage  in  the  earth.  The  adult 
insects  fly  about  in  the  twilight,  some  species  also  in  the  day 
[Macroglossa). 

Fam.  Sesiadae.    Si'sia  apiforinis  L.,  S.  henibecifortnis  Hb. 

Fam.  Sphingidae.  Hawk-moths.  Macroglossa  stellatarum  L.  (Taubeu- 
schwanz).  Humming-bird  Hawk-moths.  Sphinx  dpeiwr  L.,  S.  jJorccUvis  L. 
(Weiuschwarmer),  S.  Ncrii  (Oleanderschwarmer),  S.  conrolvuli  L..  Ai-herantia 
atropos  L.,  death-head.  The  caterpillar  lives  on  potatoes.  Smrrinthns  ])oj)iili 
L.  (Pappelschwiirmer).  S.  tilia-  L.  (Lindensch warmer),  S.  occllatnx  L.  (Nacht- 
l)fauenauge),  Eyed  Hawk-moth. 

Tribe  6.  Rhopalocera.  Day  butterflies.  Lepidoptera  of  slender 
build,  usually  with  brightly  coloured  wings.  The  antenna*  are  club- 
shaped,  or  knobbed  at  the  end.  The  legs  ai-e  slender.  The  tibia?  of 
the  front  legs  are  short,  and  sometimes  reduced.  The  Rlwpalocera 
fly  by  day,  and  when  at  rest  hold  the  ..wings  upright,  often  applied 
together.  The  caterpillars  have  sixteen  feet,  and  are  either  naked  or 
thickly  covered  with  hairs  and  spines.  They  develop,  for  the  most 
part  without  cocoons  and  attached  to  extraneous  objects  by  fibres, 
into  the  pupa,  which  is  often  of  a  shining  metallic  colour. 
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Fam.  Hesperidse.    Ilesju'ria  comma  L.,  II.  sylvamis  Schn. 

Fam.  Lycaenidae  {PoIytmimatidcB').  (Blaulinge).  Folyommattis  Ao-ion  L.,. 
P.  Damon  Fabr.  P.  virgaurccp  L.,  Thecla  rubri  L.,  green  hairstreak.  T.  qucrcus 
L.,  purple  liair  streak.  2'.  bctnlfe  L. 

Fam.  Satyridse.  Sutyrm  Brigris  L.,  S.  IlcrmUm'  L.,  Erchia  Bsdv.  (S?;^^- 
jfarchia  Faljv.),  A\  Janira  L.,  etc. 

Fam.  Nymphalidse.  The  caterpillars  have  spiny  outgrowths,  rarely  covered 
with  fine  hairs.  The  pupa  is  attached  by  its  posterior  extremity.  Aj)atura 
iris  L.  (purple  emperor).  Limcnitts  jwjJitli'L.  {'E.xsvogeY).  Vanessa 2>rorsa 'L.. 
(v.  levana  is  the  spring  generation).  V.  cardni  L.,  painted  lady.  V.  atalanta 
L.,  Admiral.  F.  antiopa  L.  (Camberwell  beauty).  T'.  io  L.,  peacock.  V.  urtica 
L.. (Kleiner  Fuchs),  small  tortoiseshell.  Aniijiinis  imyliia  L.,  silver-washed 
Fritillary,  ^1.  aglaia  L.  (dark  green  Fritillary),  Mclitcea  cin-idu  L.  • 

Fam.  Pieridae  (VVeisshnge).  Pieris  crata-gi  L.  Blackveined  white.  P. 
irassicce  L.,  large  white  (Kohl- 
weissling).  P.  napi  L.,  green- 
veined  white.  P.  rapa'  L.,  small 
white.  Colias  hyale  L.,  C.  rJiamni 
L.  (Citronenvogel). 

Fam.  Equitidse.  Papilio  Pncla- 
lirins  L.,  P.  Machaon  L.  (Swallow- 
tail). Dovitis  ApoUo  L.  The 
females  have  a  pouch-like  ap- 
pendage at  the  posterior  end  of 
the  body. 

Orde7'  8. — Coleoptera.* 

Insects    loith  masticafAng 
mouili-'parts  and  horny  front 
loings  {teymina).  Prothorax 
freely   moveable.     The  meta-  fig.  433,- 
nioiyhosis  is  comjylete. 

The  chief  chai-acters  of  this  large,  but  tolerablywell-defined,  group 
of  insects  depend  upon  the  structure  of  the  wings.  In  the  state  of 
rest  the  anterior  wings,  as  wing-covers  (elytra),  cover  the  posterior 
membranous  wings  which  are  transversely  and  longitvidinally 
folded,  and  lie  horizontally  on  the  abdomen  (fig.  483).  The  hind 
wings  alone  are  used  in  flight,  while  the  front  wings  are  modified  tO' 
perform  a  pi-otective  function,  and  usually  correspond  in  size  and 
form  to  the  soft-skinned  dorsal  surface  of  the  abdominal  region,  of 


-Hydrophihis  plceiis  (regne  animal). 
Beetle.    I,  Larva,    e,  Pupa. 


*  W.  E.  Erichson.  "Zur  systematischen  Kenntniss  dcr 
Archil- fiir  Katrorg CKch. ,  Tom.  VII.,  YIII..  and  XIII. 
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Th.  Lacordaire,  '•  Genera  des  Coleopteres,"  Paris,  1854-1860. 
L.  Redtenbacher,  "Fauna  Austriaca,  die  Kiifer,"  3  Aufl.  Wien..  187.3. 
Gcmminger  und  Harold.  "  Catalogus  Coleoptcrorum,  etc.,"  Miinchen,  1868. 
Kowalevski  I.e.,  "  Entwickelungsgeschichte  des  Hydrophilus,  etc." 
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which,  however,  they  leave  in  some  mses  the  last  segment  {j)ygidiu',a), 
or  in  other  cases  {Staphylinai)  several  segments,  exposed.  As 
a  rule,  when  the  insects  are  at  rest,  the  straiglit  internal  edges  of 
both  wing- covers  are  shut  closely  together,  while  the  outer  edges  are 
bent  round  \\\e  sides  of  the  abdomen.'  Sometimes  the  inner  edges  of 
the  wings  are  fused  together,  so  that  the  power  of  flight  is 
abolished.  In  rare  cases  the  wings  are  altogether  absent.  The 
head  is  seldom  free,  but  as  a  rule  is  sunk  into  the  freely  moveable 
prothorax,  and  bears  very  variously  shaped,  usually  eleven-jointed, 
antennae.     In  the  male  the  latter  are  of  considerable  size  and  have 

a  considerable  extent  of  surface.  Ocelli 
are  with  few  exceptions  absent,  but  the 
facetted  eyes  are  only  absent  in  certain 
blind  species,  w^hich  live  in  caves.  The 
mouth  parts  are  adapted  for  masticating 
and  biting,  and  sometimes  show  transi- 
tional forms  to  those  of  the  HymxenopUra. 
The  maxillary  palps  are  usually  four- 
jointed  and  the  labial  palps  three-jointed. 
In  the  predatory  beetles,  the  external  lobe 
of  the  maxilla  has  a  palp-like  form  and 
articulation.  The  labium,  which  is  sim- 
plified by  the  reduction  of  its  parts,  is  in 
rare  ca^es  elongated  to  form  a  divided 
tongue.  The  large  prothorax  (cervical 
shield)  is  moveably  articulated  with  the 
mesothorax,  which  is  usually  weakly  de- 
veloped ;  and  on  it,  as  well  as  on  the 

Fig.  484. — a,  Cicindela  camaestrii      ,i        ,i  ■  ,       ,i  i 

J,e,Itslarva^viththetwodor8ai  t^oi'^cic  segments,  the  pleura  ex- 

hooks  on  the  fifth  abdominal  tend  on   to    the   stei'nal   surface.  The 

segment  (regne  animal).  ,  ■      ,  ^    ,  ^^ 

legs  vary  very  much  in  shape,  but  usually 
■end  with  a  five-,  rarely  with  a  four-jointed  tarsus.  The  tarsus  is 
rarely  composed  of  a  smaller  number  (from  one  to  three)  of  joints. 
The  ''abdomen  is  attached  to  the  metathorax  by  its  broad  base,  and 
always  possesses  a  greater  number  of  dorsal  than  of  ventral  plates, 
of  which  some  may  fuse  with  one  another.  The  smaller  terminal 
segments  are  usually  retracted  and  concealed  by  the  preceding. 

The  nervous  system  of  the  Coho2)tera,  varies  in  the  greater  or  less 
concentration  of  the  ventral  ganglionic  cord.  The  suboesophageal 
ganglion  is  folloAved  by  two  or  three  thoracic  ganglia,  with  the 
postei'ior  of  which  one  or  two  abdominal  ganglia  may  be  fused.  In 
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the  abdomen  there  are  usually  a  series  of  separate  ganglia  (2  to  7). 
The  latter  may,  however,  fuse  together  to  form  a  long  mass  or  be 
drawn  into  the  thoracic  ganglia. 

The  long  coiled  alimentary  canal  dilates  in  the  carnivorous  beetles 
to  form  a  gizzard,  which  is  followed  by  a  shaggy  chylific  ventricle. 
The  number  of  Malpighian  tubes  is,  as  in  Lepidoptera,  confined  to 
fom-  or  six. 

The  males  and  females  are  easily  distinguished  by  the  form  and 
size  of  the  antennte,  the  structure  of  the  tarsal  joints,  and  by  special 
relations  of  size,  form  and  colour.  In  the  female  the  numerous  egg- 
tubes  unite  in  very  various  arrangements,  and  a  bursa  copulatrix  is 
often  present.  The  males  possess  a  large  horny  penis,  which,  when 
at  rest,  is  retracted  into  the  abdomen  and  is 
protruded  by  means  of  a  powerful  muscular 
apparatus. 

Almost  all  the  larva?  have  mouth  parts 
adapted  for  biting,  rarely  suctorial  pincers. 
They  feed  under  the  most  dilFerent  conditions, 
as  a  rule  concealed  and  removed  from  the 
light,  and  usually  in  the  same  way  as  the 
perfect  insect.  They  are  either  grub-like  and 
apodal,  but  with  a  distinctly  developed  head 
{Cwculionidce),  or  they  possess,  in  addition  to 
the  three  pairs  of  legs  on  the  thorax,  also 
stumps  on  the  last  abdominal  segments. 

Many  larvae,  as  those  of  the  Cicindelce,  have 
a  peculiar  apparatus  for  capturing  their  prey 
(fig.  484).  In  place  of  the  facetted  eyes,  which 
have  not  yet  appeared,  ocelli  are  present  in 
varying  number  and  position.  Some  beetle  larvse,  like  the  larvje  of 
the  Diptera  and  Hymenoptera,  live  as  parasites  and  feed  inside  bees 
nests  on  the  eggs  and  honey  [Meloe,  Sitaris)  (fig.  485).  The  pupse 
of  beetles,  which  are  either  suspended  and  attached  to  objects  or  lie 
on  the  eart.h  or  in  holes,  have  their  limbs  freely  projecting. 

Fossil  ColeojJtera  are  found  in  coal  foi-mations  and  are  specially 
numerous  in  amber. 

Tribe  1.  Cryptotetramera  =  Pseudotrimera.  The  tarsuses  are  com- 
posed of  four  joints,  of  which  one  joint  is  rudimentaiy.  Latreille 
considered  them  to  be  three-jointed. 

Fam.  Coccinellidse  (Lady  Birds).  Coecinell"..  septcmimnctata,  L.  The  larvje 
feed  on  Aphides.    CldlocoruH  hijmstulatus  L. 


Fig.  485. — a,  Jlfeliie  viola- 
ceUK.  h,  Siiariii  humeralit 
(regne  animal). 
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Film.  Endomychidai  (I'ilzkiifer).  Endomychm  cocomeux  L.  Liiconn-Mna 
xucci/iota  L.  ' 

Tribe  2.  Cryptopeiitamera  =  Pseudotetramera.  One  joint  of  the 
five-jointed  tarsus  is  reduced  and  concealed. 

Fam.  Chrysonielidse  (Blattkjifer).  The  adult  insects  are  mostly  of  a  bright 
colour  and  feed  on  leaves.  Their  larvse  have  a  cylindiical  thick-set  body,  which 
13  very  generally  covered  with  warts  and  spiny  prominences  ;  tliey  always  have 
well-developed  legs  ;  they  likewise  feed  on  leaves,  into  the  i)arenchyma  of 
which  some  of  them  (Ilispa)  burrow,  and  present  the  peculiarity  of  using  their 
excrements  to  prepare  cases  which  they  carry  about  with  them  iChjthra, 
Criii)torcpliah(s).  Before  entering  tic  pui>al  stage  they  attach  thenLsel'ves  to 
leaves  by  the  hind  end  of  their  body.  ITaltica  olcvacea  Fabr.  Harmful  to 
cabbage  leaves.   Lina  jwpiiU  "L.    Ckrysomela  rarian^  Fabr. 

Fam.  Cerambycidae  {Lonfjirornhi')  (Bockkiifer).  Some  species  (Lamia')  pro- 
duce a  peculiar  sound  by  rubbing  the  head  against  the  prothorax.  The  elongated 
grub-like  larvre  have  a  horny  head  with  powerf id  mandibles,  short  antennje,  and 
usually  no  legs  or  ocelli.  They  live  in  wood,  in  wliich  they  bore  passages  and 
sometimes  cause  great  damage.  Lamia  tcxtor  L.,  (Jeramhyv  lieros  Scop.,  C. 
cerdo  Fabr.,  Prionus  coriar  'mn  Fabr. 

Fam.  Bostrychidse  (Borkeukafer).  Coletiptcra  of  small  size  and  cylindrical 
body  shape.  The  larvte  are  of  stout  cylindrical  shape  and  without  legs,  the 
place  of  which  is  taken  by  ridges  covered  with  hairs  like  those  of  the  Citrcu- 
lionida-.  The  adult  insects  and  larvEe  bore  passages  in  wood,  on  which  they  feed. 
They  live  in  companies,  and  belong  to  the  mo.st  dreaded  destroyers  of  forests 
of  conifers.  The  way  in  which  they  eat  into  the  bark  is  very  i)eculiar, 
being  characteristic  of  the  individual  species  and  indicative  of  their  mode  of 
hfe.  The  two  sexes  meet  in  the  superficial  passages,  which  the  female,  after 
copulation,  continues  and  lengthens  in  order  to  lay  her  eggs  in  pits,  which  she 
hollows  out  for  that  i)m-pose  at  the  end  of  them.  The  larvai  when  hatched  eat 
out  lateral  passages,  which,  as  the  larv^  increase  in  size  and  get  further  fi-om 
the  main  passage,  become  larger  and  give  rise  to  the  characteristic  markings 
on  the  inside  of  the  bark.  BoxtrycJius  okalciif/rapJins  L.,  B.  tyjfoyrajthvs  L., 
under  the  bark  of  i)ine-trees.    Ji.  stcnoyraphns  Duft. 

Fam.  Curculionidae  (Riisselkafer).  ^^'eevils.  Head  prolonged  into  a  proboscis 
in  fi-out.  Larvffi  cylindrical,  without  or  with  very  radimentary  legs  and 
ocelli  ;  they  are  almost  entirely  phytophagous  ;  and  indeed  they  live  under  the 
most  various  conditions,  some  inside  buds  and  fi-uit,  others  under  bark,  or  on 
leaves,  or  in  wood.  Calandra  granaria  L.,  in  grain  known  as  black  grain- 
worms.  Balanhmis  nucum  L.,  Nut-weenl.  Bylobius  ahv-tu  Fabr.,  A2)/on 
frume/itar/nm,  L. 

Tribe  3.  Heteromera.    The  tarsuses  of  the  two  anterior  pairs  of 
legs  are  five-jointed,  of  the  posterior  pair  four-jointed. 

Fam.  Oedemeridae.    Ordrmrra  rirrsfenx  L. 

Fam.  Meloidae  (Cantharidae).  They  furnish  a  substance  used  in  tlie  prepara- 
tion of  vesicants.  The  larvaj  live  i)artly  parasitically  on  insects,  partly  fi-ee 
under  tlic  bark  of  trees,  and  some  of  them  pass  through  a  complicated  meta- 
mori)hosis  called  by  Fabre  hypermetamorphosis  ;  they  possess  at  first  three 
pairs  of  legs  ;  in  later  stages  they  lose  these,  and  the  body  acquires  a  cylindrical 
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form  (fig.  457).  Mcloe  L.  The  beetles  live  in  grass,  and  when  touched  they  give 
out  an  acrid  pungent  fluid  between  the  joints  of  the  legs.  The  larvee  creep  on 
the  stalks  of  plants,  penetrate  into  the  flowers  of  AsclepiadjB,  Primulacea3,  etc., 
and  attach  them.selves  fast  to  the  body  of  bees  (Ped/c-idm  melitta;  Kirby),  in 
order  to  be  carried  to  the  bees'  nest,  in  which  they  nourish  themselves  chiefly 
on  honey.  M.  jjvoscaraha'vs  L.,  M.  ^violacens  Marsh.  Lytta  vcsicatoria  L., 
Spanish  fly.  Sitarls  Immcralis  Fabr.,  South  Europe  (fig.  485). 

Fam.  RMpiphoridae.  The  larvfB  live  in  wasp  nests  {Mctoccus),  or  in  the 
abdomen  of  cockroaches  {Rhipidius').    Rltqy'qihorus  bimaculatiis  Fabr. 

Fam.  Cistelidae.    Cistiia  fvlcijJes  Fabr.,  C.  mur'mct,  L. 

Fam.  Tenebrionidse.  TlvieJrio  vwoZt^*?- L.,  Larva  known  as  meal-worm.  Blaps 
mortisaria  L. 

Tribe  4.  Pentamera.    Tarsus  usually  five- jointed. 

Fam.  Xylophaga.  Tarsus  sometimes  only  four-jointed.  The  larvfe  some- 
times feed  on  dead  animal  matters,  sometimes  bore  cylindrical  horizontal 
passages  in  wood,  and  are  therefore  desti-uctive  to  furniture  and  wooden 
material  as  well  as  .to  living  trees.  Lpnccylon  navale  L.,  on  docks  in  oak. 
AiuiHuni  2)ertinax  L.,  death  watch,  produces  a  ticking  noise  in  wood.  Ptimos 
J'uT  L.,  Pt.  rnjipes  Fabr. 

Fam.  Cleridae.  The  variegated  larvte  live  under  bark  and  for  the  most  part 
on  other  insects.  Clcvm  formicarlus  L.,  THcliodcs  apiarlus  L.  The  larva  is 
parasitic  in  bee-hives. 

Fam.  Malacodermata.  JIalae/uns  cenevs  Fabr.  Cantliaris  {TelejJhmts) 
violacea  Payk.,  C.  fusca  L.  Lamj}i/ris  Geofifi-.,  Glow-worm.  Female 
apterous,  or  only  with  two  small  scales.  Light  organs  in  the  abdomen 
L.  noctiluca  L.,  L.  xj}lmdidula  L.  Female  with  two  small  scales  instead  of 
wing-covers. 

Fam.  Elateridae  (Springkiifer).  The  elongated  body  is  distinguished  by  the 
very  free  articulation  between  the  prothorax  and  mesothorax  ;  and  by  the  pos- 
f5ession  of  a  spine  upon  the  prothorax  which  fits  into  a  pit  on  the  mesothorax. 
These  two  arrangements  enable  the  beetle  to  jump  up  when  lying  on  its  back. 
The  larvse  live  under  the  bark  of  trees  on  tlic  wood,  sometimes  in  the  roots  of 
grain  and  turnips,  and  may  be  very  destructive.  Ar/riotef;  lineatns  L.,  Lacon 
rmrimislj.,  Elater  mnguincus  L.,  Pyrojjhorus  noctilucus  L.,  in  Cuba,  prothorax 
dilated  to  the  form  of  a  vesicle  and  phosphorescent. 

Fam.  Buprestidse  (Prachtkafer).  Body  elongated,  pointed  behind,  often 
hrightly  coloured,  with  a  metallic  lustre.  The  elongated  vermiform  larv^  are 
without  ocelli  and,  as  a  rule,  legs  ;  and  possess  a  very  broadened  prothorax. 
They  live  like  the  laiw^  of  the  Cerambycidai,  to  which  they  present  a  general 
resemblance,  in  wood,  and  bore  flat  ellipsoidal  passages.  Trachys  vihiuta  L 
Af/r  'dus  Jnf/uttatn.s  Fabr.,  Biqjvcstis  rmtica  Fabr..  B.  flaconmoulata  Fabr. 

Fam.  Lamellicornia  (Blatthornkafer).  The  antennse  are  seven-  to  eleven- 
jointed  ;  the  basal  joint  is  large,  and  the  terminal  joints  (three  to  seven)  are 
widened  to  a  fan  shape.  In  many  the  anterior  legs  are  adapted  for  digo-ino-. 
The  soft-skinned  larvfe  possess  a  horny  head,  moderately  long  legs,  and  a  cm-ved 
abdomen,  which  is  dilated  behind  to  the  form  of  a  sac  ;  they  feed  sometimes  on 
leaves  and  roots,  sometimes  on  putrefying  vegetable  and  animal  substances,  and 
enter  into  the  pupal  stage  after  two  or  three  years  sojourn  in  a  cocoon  beneath 
the  earth.  Lncmius  cervus  L.,  stag  beetle.  LarvfB  in  rotten  wood  of  old  oaks. 
The  beetle  feeds  on  the  sap  which  comes  from  the  oak.    L.  paralMiinjycdxifi  L., 
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Coprls  UmrU  L.,  Aplwdius  mhtrrvaiwm  Pabr.,  Geotnqm  vernalh  L  G 
stn-coranus  L.,  Uhizotronns  xolstitialU  I..,  Melolnntha  vuhiavln  Fabr  Cock- 
chater.  Ihe  larv,e  at  first  live  togetlier  and  feed  on  fresh  ve-etable  substances 
iatcr  (111  the  second  and  thirjl  years)  on  roots,  which  they  destroy,  .loing  Rreat 
dama-e.  Towards  the  end  of  the  fourth  summer  the  beetle  is  usually  developed 
from  the  pupa,  which  lies  in  a  sniootli  round  hole,  but  it  remains  in  the  earth  tiU 
Wie  next  spring.  M.  hippocmtani  Fabi-.,  CcMa  mn-ata  L.,  Ateurhm  men-  L  , 
Oryotes  nasicornis  L. 

Fam.  Dermestidae  (Speckkiifer).  Attarienus  pdlio  L.  (Pelzkafer).  DejMcs 
Idrdfurus  L.,  (Speckkiifer). 
Film.  Histeridse  (Stutzkiifer).  Hitter  maciilatus  L.,  0 /itopUlm  xtriatu^  Fahr 
Fam.  Silphidae  (Aasktifer).  Beetles  and  larvfe  live  on  and  lay  their  eggs  in 
decomposing  aiiimul  and  vegetable  matters;  some  of  them  even  attack  living 
insects  and  larvse.  When  .attacked  many  defend  themselves  bv  the  ejection  of 
a  stinking  anal  excretion.  Silj?ha  thoracica  Fabr.,  8.  obscura  Fabr.  Mcro- 
2)horux  vespillo  Fabr.,  N.  f/crmanicii.s  Fabr.  (Todtengraber). 

Fam.  Pselaphidae.  Live  in  the.  dark  under  stones  and  in  colonies  of  ants. 
Psela2Jhvs  Heinei  Herbst,  Clavir/er  testaccus  Pr. 

Fam.  Staphylinidae  (Kurzdeckfliigler).  Myrmcdoiiia.  mnaliculata  Fabr. 
Live  among  ants.     Staphi/linm  maxiUoms  L.,  Omalium  rivulare  Payk.' 

Fam.  Hydrophilidae  (Palpicomia).  Swimming  beetles  with  short  club-shaped 
anteunaj  and  long  maxillary  palps,  which  often  project  beyond  the  antennae. 
Feed  on  plants.     IIydroj}hilus 2Ji('eus  L.,  Hydrohius  fits ci pes  L. 

Fam.  Dytiscidse.  Swimming-beetles,  \\-ith  filiform,  ten-  or  eleven-jointed 
autennre  and  broad  swimming  legs  beset  with  setae  ;  the  hind  legs  project 
back  and  are  especially  adapted  for  swimming  by  the  possession  of  a  close 
covering  of  swimming-hairs.  ColymheUs  fusbm  L.,  Dytisciis  viargimiUs,  Sturm. 

Fam.  Carabidae.*  Running  beetles,  with  eleven-jointed  filiform  antennae,  power- 
ful  pincer-shaped  mandibles,  and  running  legs.  The  elongated  larvfe  possess 
four- jointed  antenuEe,  four  to  five  ocelli  on  each  side,  sickle-shaped  projecting 
pincers,  and  fairly  long  five-jointed  legs  Havpalm  cenei/s  Fabr.,  Brachinm- 
crrpitanx  K.  (Bombardirkafer).  Caraiux  anratvs  L.,  Procrnxten  coriaceus  L. 

Fam.  Cicindelidae.  Tiger-beetles.  Mandibles  mth  three  teeth.  The  larvse 
form  subterranean  passages,  possess  a  broad  head,  very  large  sickle-shaped 
curved  jaws,  and  bear  on  the  dorsal  surface  of  the  eighth  segment  of  the  body 
two  horny  hooks  for  attachment  in  the  passage,  at  the  opening  of  Avhich  they 
lie  in  wait  for  prey.    Cicindela  campestris  L.  (fig.  4:84). 

Order  9. — HYMENOPTERA.f 

Insects  with  biting  and  licking  mouth  2)arts,  fused  j^rothorctx,  four 
membranous  wings  icith  only  few  nervitres.    Metamorjj/iosis  com2)lete. 
The  body  has  as  a  rule  an  elongated  form,  and  possesses  a  freely 

♦  Dejean,  "Species  g6n6ral  des  Coleoptferes,  etc."   Tom  L-V.,  Paris.  1825- 
1831. 

t  L.  Jurine,  '-Nouvelle  niethode  de  classer  les  HjTndnopt^res  etles  Dipteres." 
Tom.  I.,  Hym^nopteres.  Geneva,  18U7. 

C.  Gravenhorst.  "  Ichneuniologia  Europsea,"  Vratislavise,  1829.  J.  Th.  C. 
Ratzel)urg-,  ••  Die  Ichneumoncn  dor  Forstinsecten."   3  Bde.  Berlin.  1844-1S52. 

G.  Dahlbom,  "  Hymenoi)tcra  Eiu'opaja,  prascipue  borealia."    Lund.  1845. 

v.  Siebold,  "  Beitrage  zur  Parthenogenesis  der  Arthropoden."  Leipzig.  1871. 
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moveable  head  witU  large  facetted  eyes  which  in  the  male  are 
almost  in  contact,  and  three  ocelli  (fig.  486). 

In  the  antennte  a  large  basal  joint  (shaft)  and  eleven  to  twelve 
shorter  joints  can  usually  be  distinguished,  or  they  are  not  ci-ooked, 
in  which  case  they  consist  of  a  greater  number  of  joints. 

The  mouth,  parts  are  biting  and  licking ;  the  upper  lip  and  man- 
dibles are  constructed  as  in  beetles  and  Orthoptera ;  the  maxills& 
and  labium,  on  the  other  hand,  are  elongated  and  adapted  for  licking, 
and  when  at  rest  are  frequently  bent  round.  In  bees  the  tongue 
can  be  considerably  elongated  and  assume  the  form  of  a  proboscis ; 
in  this  case  the  lobes  of  the  jaws  also  become  considerably  extended, 
and  form  a  kind  of  sheath  around  the  tongue.  The  maxillary  palps 
are  usually  six- jointed  :  the  labial  palps  on  the  othei-  hand  only 
four-jointed,  but  the  number  of  joints  may  be  reduced. 

As  in  the  Lepidoptera  and  Dijitera,  the  prothoi-ax  is  firmly  con- 
nected  with   the  following  thoi-acic  segments,   inasmuch  as  the 


Fig.  48G.— Apis  mellifica.   a.  Queen,    h,  Worker,   c,  Drone. 

pronotum  at  least  (excepting  in  the  leaf-  and  wood-wasps)  is 
fused  with  the  mesonotum,  while  the  rudimentary  prosternum 
remains  freely  moveable.  On  the  mesothorax  two  smaU  moveable 
scales  (teguke)  are  found  over  the  base  of  the  forewing,  and 
behind  the  scutellum  the  anterior  part  of  the  metanotum  is 
developed  into  the  posterior  shield  {2)ostscutellum).  Both  paii-s  of 
wings  are  membranous,  transparent,  and  traversed  by  but  few 
nervures ;  the  anterior  are  considerably  larger  than  the  posterior. 
From  the  outer  edge  of  the  latter  small  hooks  arise,  which  are 
attached  to  the  inferior  edge  of  the  anterior  paii-,  thus  bringing 
about  the  connection  between  the  two  pairs  of  wings.  Sometimes 
the  wings  are  absent  in  one  of  the  two  sexes,  or  in  the  workers 
amongst  many  social  Hymenoptera.  The  legs  possess  five-jointed, 
usually  broadened  tarsuses  with  long  first  tarsal  joint.  The  ab- 
domen is  rarely  attached  to  the  thorax  by  its  whole  breadth  (sessile) ; 
as  a  rule  the  first  or  the  two  first  segments  of  the  abdomen  are 
narrowed  to  a  thin  stalk,  bringing  about  the  connection  with  the 


•592 


INSECTA. 


thorax  (stalked).  In  tlie  female  sex  the  alKlomen  ends  witli  an 
•ovipositor  (terebra),  wliicli  as  a  rule  is  retracted,  or  with  a  poison 
spine  [aculeus).  The  latter  develops  from  six  warts,  of  which  four 
belong  to  the  ventral  side  of  the  penultimate,  two  to  that  of  the 
antepenultimate  segment.  The  sting  (fig.  487)  consists  of  the 
grooved  piece  (sting-groove),  two  piercing  stylets  and  two  sting- 
sheaths  (with  oblong  plates)  and  is  retracted  when  at  rest.  The 
grooved  piece,  the  furrow  of  which  is  directed  downwards  arises 
"om  the  inner  pair  of  warts  of  the  penultimate  segment,  while  the 

piercing  stylets  on  the 
edge  of  the  grooved  piece 
correspond  to  the  pair  of 
warts  of  the  antepenulti- 
mate segment.  Finally 
the  segments  also  take 
part  in  the  formation  of 
this  apparatus,  inas- 
much as  they  furnish 
powerful  supporting 
plates  for  the  sting 
(quadiatic  plate  and 
angular  piece). 

The  nervous  system 
consists  of  a  large  com- 
plicated brain,  an  in- 
fra-cEsophageal  ganglion, 
two  thoracic  ganglia 
(the  ganglia  of  the 
mesothorax  and  meta- 
thorax  are  fvised  Avith 
the  anteiior  abdominal 
ganglion),  and  five  to 
six  ganglia  in  the  ab- 
domen. 

The  alimentary  canal  frequently  attains  to  a  considerable  length, 
■especially  in  those  Hymenoptera  which  with  a  longer  life  cumber 
themselves  with  the  care  and  nourishment  of  the  young.  Large  • 
salivary  glands  are  present.  The  nai-row  (esophagus  usually  dilates 
to  a  suctorial  stomach,  moi-e  rarely  to  a  spherical  gizzard  (ants).  A 
considerable  number  of  short  Malpighian  tubules  open  into  the 
intestine  (hindgut). 


Fig.  -187.— Stinging  apparatus  of  the  honey  bee  from 
the  dorsal  side  (after  Kraepehn).  GD,  poison  gland  ; 
&b,  poison  reservoir ;  D,  gland;  Sh;  grooved  piece  with 
the  two  stylets ;  Jia,  swollen  base  of  the  grooved  piece  ; 
B,  cui-ved  root  of  the  same ;  TV,  angular  piece ;  Sli, 
sheath  of  spine ;  O,  oblong  plate ;  Q,  quadratic  plate ; 
■Stb',  Stb",  the  two  piercing  spines  on  the  ventral  side 
■of  the  grooved  piece. 
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In  connection  with  the  great  power  of  flight,  .the  longitudinal 
tracheal  trunks  give  rise  to  vesicular  dilatations,  of  which  two  at 
the  base  of  the  abdomen  are  conspicuous  by  their  size. 

The  female  sexual  organs  usually  possess  very  numerous  (up  to 
one  hundred)  many-chambered  egg  tubes,  and  a  large  receptaculum 
seminis  with  accessory  glands.  A  special  bursa  copulatrix  is  absent 
(fig.  488).  When  a  sting  is  developed,  filiform  or  branched  poison 
glands  with  a  common  reservou-  and  a  duct  opening  into  the  sheath 
of  the  sting,  are  present.  In  the  male  sex  the  ducts  of  the  two 
testes  are  connected  with  two  accessory  glands,  while  the  common 
ductus  ejaculatorius  ends  with  a  large  protrusible  penis. 

With  the  exception  of  the  leaf -wasps  (Tenthredinidm),  and  wood- 
wasps  [Uroceridm),  the  larvae  are  apodal  and  live  either  parasitically 
in  the  body  of  insects  (the  Pteromalince  pass  through  various  larval 
stages,  undergo- 


ing 


a 


'to" 

kind  of 


lie 

Fig.  488. — The  viscera  in  the  abdomen  of  the  queen  bee  (after 
R.  Leuckart).  2),  alimentary  canal ;  R,  rectum  with  rectal  glands 
and  anus;  Gh,  chain  of  ganglia;  Ov,  ovary;  Ro,  receptaculum 
seminis ;  Qh,  reservoir  of  poison  gland;  St,  sting. 


hypermetamor- 
phosis)  or  in 
plants,  or  in 
brood  spaces 
(cells)  formed  of 
animal  and  vege- 
table substances. 
The  former,  like 
the  caterpillar's 
of  the  butterflies, 
possess,  besides 
the  six  thoracic 

legs,  six  to  eight  pairs  of  abdominal  legs,  and  Live  free  on  leaves ; 
the  latter  are  grub-like,  find  the  nutritive  material  in  their  cells, 
and  are  in  part  fed  during  their  growth.  Almost  all — e.g.,  the 
larvae  of  bees  and  wasps — possess  a  small  retractile  head  with  short 
mandibles  and  pointed  pieces  (maxillge  and  labium).  The  anus  is  not 
developed,  for  the  stomach  is  blind  and  does  not  communicate  with 
the  hindgut,  which  receives  the  Malpighian  tubules.  Most  of  the 
larvae,  when  they  enter  the  pupal  stage,  spin  an  irregular  invest- 
ment or  a  firmer  cocoon  of  silk-like  fibres.  The  larva;  of  bees 
and  wasps  then  soon  undergo  a  moult  (when  they  get  rid  of 
their  excrementitious  matters),  and  enter  upon  a  stage  which 
precedes  that  of  the  pupa  and  is  called  by  v.  Siebold  the  pseudo- 
pupa  (fig.  489). 
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Sub-order  1. — Terebrantia. 

Female  with  ovipositor  as  tube  or  borer  (terebra),  which  projects 
freely  at  the  end  of  the  abdomen,  and  is  sometimes  retractile. 

Tribe  1.  Phytophaga.  Abdomen  sessile.  Trochanter  composed 
of  two  rings.    Larvie  phytopliagous,  resemble  caterpillars. 

Fam.  Tenthredinidae  (Leaf-wusps).  Saw-flies.  Abdomen  sessile  with  shoit 
borer.  The  larviB  have  rarely  three,  usually  nine  to  eleven  pairs  of  legs, 
and  resemble  caterpillars.  The  females  lay  their  eggs  in  the  epidermis  of 
leaves,  the  puncture  causes  the  flow  of  .sap.  which  the  egg  imbibes  and  thereby 
increases  in  size.  The  young  larv«  feed  on  leaves,  often  in  early  stages  live 
in  societies,  and  become  pupfe  in  a  cocoon.  They  are  distinguished  fi-om 
the  caterpillars  by  the  greater  number  of  legs,  and  by  the  two  ocelli  on 
the  horny  head.  Lyda  hetnlce  L.,  Tcnthrcdo  (^AtJudia)  sjrinarum  Fabr.,  larvse 
sometimes  on  roses.  NenMtns  ventrioosus  Klg.,  larvas  on  gooseberries.  C'imbex 
femorata  L. 

Fam.  TJroceridae  (Wood-wasps).  Abdomen  with  first  tergum  split,  and  usually 

long,  freely  projecting  oviposit 
tor  (egg-borer).  The  females 
bore  holes  in  wood  and  deposit 
their  eggs  therein.  The  larvae 
bore  further  into  the  wood 
and  live  a  long  time.  Sirej; 
f/iffas  L. 


Tig.  489.—  a.  Larva  of  the  bnmble  bee  about  to  become 
a  pupa.    6,  Pseudo-pupa  (Semi-pupa),    c,  pupa  (after  domen    stalked.  Larvse 
Packard). 


Tribe  2.  Gallicola.  Ab- 

)men  stalked.  Larvse 
apodal     and  aproctous, 


visually  living  in  vegetable  cells. 

Fam.  Cynipidae  (Gall-wasps).  Thorax  humped.  Abdomen  usually  short, 
laterally  compressed.  The  ovipositor  (egg-borer)  arises  on  the  ventral  side,  and 
is  as  a  rule  retracted.  The  females  bore  into  plant  tissues  and  cause,  by  the 
irritation  of  an  acrid  fluid,  an  abnormal  flow  of  vegetable  fluids,  thus  giving 
rise  to  the  outgrowths  known  as  r/alls,  on  which  either  one  or  several  apodal 
larvEe  feed.  Certain  galls,  especially  those  of  the  oaks  of  Asia  Minor  (^Aleppo), 
contain  tannic  acid,  and  are  on  this  account  used  in  industry.  In  many  species 
the  females  only  are  at  present  known  ;  the  eggs  in  such  cases  develop 
parthenogenetically.  Many  larvse  are  parasitic  in  Diptera  and  A_p?iidt's. 
Cynips  quercm  folii  L.,  Rhodites  rosce  L.,  produces  the  bedeguar  of  roses. 
Figitcs  Houtellaris  Latr.,  parasitic  on  the  grubs  of  Sarcojihaga. 

Tribe  3.  Entomophaga.  Abdomen  stalked.  Female  with  freely 
projecting  ovipositor  (spine).  Larvse  apodal  and  without  anus, 
usually  parasitic  in  the  larvse  of  other  insects. 

Fam.  Pteromalidse.  The  larva?  are  parasitic  in  all  possible  insect  larva?, 
frequently  in  parasites,  and  pass  through  a  complicated  metamorphosis,  ex- 
tremely remarkable  for  the  succession  of  very  different  stages.  Ptenmalvs 
puparum.  L.,  Tclcax  clavieornis  Latr.,  Platygaxtcr  Latr.,  (fig.  458). 


HYMENOPTERA. 


595 


Fam.  Braconidse.  They  principally  persecute  caterpillars,  as  well  as  beetle 
larvfe  living  in  dead  wood.  Microgaster  nloimneratm  L.,  in  caterpillars. 
Bracon  wij)u.stor  Scop.,  Br.  imlpclrator  Eatzbg. 

Fam.  IchneumonidaB.  Ichneumon  incuMtor  L.  I.  (^Trugus)  luturim  Eatzbg., 
Pimpla  (^EpUcdtes^-)  manifestator  L.,  Ojjhloii  luteus  L. 

Fam.  Evaniadae.    Emnia  appcndig aster  L.,  Focmis  jaculator  L. 

Sub-order  2. — Aculeata. 

With  retractile  perforated  sting  and  poison  gland  in  the  female 
sex.  Abdomen  always  stalked  ;  the  antenna  of  male  usual  thirteen- 
jointed,  of  the  female  twelve-jointed.  The  larv»  are  apodal  and 
without  anus. 

Fam.  Formicidse*  (Ants)  (fig.  490).  They  Hve  together  in  communities,  which 
contain,  besides  the  winged  males  and  females,  a  great  excess  of  small  apterous 
workers  with  stronger  prothorax.  The  latter  are  sometimes  of  two  kinds, 
known  as  soldiers  and  true  workers,  distinguished  by  the  size  of  the  head  and 
jaws.  The  workers  are 
aborted  females  and  re- 
semble the  true  females 
in  possessing  a  poison 
gland,  the  acid  secre- 
tion (formic  acid)  of 
which  they  either  pom- 
out  with  the  help  of  the 
sting  or,  in  the  absence 
of  the  latter,  eject  into 
the  wound  made  by  the 
mandibles. 

The  dwellings  of  the 
ants  consist  of  passages 
and  cavities,  which  are 
placed  in  rotten  wood, 
in  the  earth,  or  in  hill- 
like heaps  which  they 
throw  up.  "Winter  pro- 
visions are  not  carried 
into  these  spaces,  since 

the  ant-workers,  which  with  the  queens  alone  survive  the  winter,  fall  into  a 
kind  of  winter  sleep. 

In  the^spring  queens  are  found  in  addition  to  the  workers.  From  the  e<^gs  of 
the  queens  larvfe  proceed,  which  are  carefully  reared  and  protected  by  the 
workers.  I'he  larvfe  in  egg-shaped  cocoons  become  pupse  (ants'  eggs)  and  develop 
some  of  them  to  workers  and  some  to  winged  seiual  animals,  which  appear  with 
us  sooner  or  later  in  the  course  of  the  summer,  and  copulate  in  the  flight  After 
copulation  the  males  die,  the  females  lose  their  wings  and  are  carried  back  by 

1810^'  "  ^echerches  sur  les  moeurs  dea  Fourmis  indigenes."  Geneva, 

I^-fi^eille,  "  Histoire  natui-elle  des  E'oui'mis."    Paris  1802 
A.  Forel,  «  Les  Fourmis  de  la  Suisse."   Zurich,  1874. 


Fig.  W).— Formica  (Camponotut)  kerculanea.  a.  Female,  i,  Male, 
c.  Worker,  d,  Larva  of  Formica  riifa.  e,  pupa  with;  case,  so- 
called  ant  egg.  /,  ff.  Pupa  liberated  from  the  case. 
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the  workers  into  their  dwellings,  to  deposit  their  eggs,  or  found  with  some  of 
the  workers  new  societies. 

In  the  tropics  the  ants  undertake  migrations  in  great  numbei-s,  and  may 
become  a  regular  plague  when  they  enter  houses  and  destroy  all  eatables. 
Many  forms  {Oecodoma  species)  are  especially  destructive  to  young  trees  and 
plants,  which  they  strip  of  foliage.  Some  species,  however,  render  service  in 
attaclcing  Termites  and  in  destroying  other  pernicious  insects,  such  as  the  cock- 
roaches, even  in  the  dwellings  of  man.  Many  species,  especially  of  the  genus 
JEeiton,  are  predatory  ants  and  destroy  other  ant  colonies.  Certain  species  are 
said  to  make  war  with  foreign  ant  states  and  to  carry  o£E  their  young,  which 
they  bring  up  for  service  in  their  own  colony  (Amazon  colonies,  F.  ru/a, 
rvfescens).  The  rela'tively  high  psychical  activity  of  these  insects  is  undeni- 
able ;  many  instances  of  it  have  been  disclosed  by  the  thorough  observations  of 
P.  Huber.  They  keep  Aphides  as  we  do  milch  cows  ;  they  caiTy  provisions 
into  their  dwellings  ;  they  go  out  to  battle  in  regular  columns,  and  oflEer  up 
their  Kves  bravely  for  the  community.  In  contrast  to  the  war -like  features  of 
the  slave-states  are  the  friendly  relations  of  the  ants  to  other  insects,  which,  as 
Myrmecophila,  live  in  the  aut  dwellings  (larvEe  of  Cetonia,  JlyrmecojMla,  etc.). 
Formica  lierrulanea  L.,  F.  rnfa  L.,  Myrmica  aecrvorum  Fabr.,  with  sting. 

Fam.  Chrysididae  (Gold  wasps).  The  females  lay  their  eggs  in  the  nests  of 
other  Hymenoptera,  especially  of  the  digging  wasps  (^Fossoria),  with  which 
they  have  on  this  occasion  to  carry  on  war.    Chrysis  ignita  L. 

Fam.  Heterogyna  {Mutillidce,  Scoliadce).  Males  and  females  very  different 
in  form,  size  and  structure  of  antennas.  The  females,  -svith  shortened  wings  or 
apterous,  live  solitarily  and  lay  their  eggs  on  other  insects  or  in  bees'  nests,  and 
do  not  trouble  themselves  with  the  nourishment  and  care  of  theii-  young. 
Mutilla  europaea  L.,  Sculia  (^Scoliadce)  hortorum  Fabr.  The  larva  lives 
parasitically  on  that  of  the  nasicorn  beetle. 

Fam.  Fossorian*  (Digging  wasps).  Solitary  Hymenoptera,  with  unbent 
antenna  and  elongated  legs;  the  tibife  are  armed  with  long  opines.  The 
females,  which  live  on  honey  and  pollen,  dig  passages  and  tubes  usually  in  sand 
and  in  earth  and  in  dry  wood,  and  deposit  at  the  end  of  them  theii-  cells,  each  of 
which  contains  an  egg  and  animal  nutritive  matter  for  the  future  larva.  Some 
( Bemhex)  carry  fresh  food  daily  to  their  growing  larvfe,  contained  in  open  cells  ; 
others  place  in  the  closed  cell  as  many  insects  as  the  larva  requii-es  for  its  de- 
velopment. In  the  last  cases  the  introduced  insects  are  not  completely  killed, 
but  merely  crippled  by  a  sting  in  the  ventral  nerve  cord.  The  individual 
species  usually  captui-e  quite  definite  insects  {cater2nllars,  CurouUomda;, 
Buprestidce,  Acridice,  etc.),  which  they  overpower  and  paralyse  in  a  very 
remarkable  manner.  For  example,  Ccrcerix  Mprcfsticida  attacks  Buirre-^tis, 
while  C.  DufourH  chooses  Clcomis  opMhalmicm.  The  digging  wasp  seizes  the  head 
of  the  beetle  with  its  mandibles  and  inserts  its  sting  into  the  thoracic  ganglia 
between-  the  articulation  of  the  pro  thorax.  S2)hex  jlavipenim,  which 
constructs  three  cells  at  the  end  of  a  horizontal  passage,  two  or  three  inches 
long,  attacks  Grylla,  aiid  Sphcx  alhlsecta  species  of  CEdqmla.  Avimojthila 
holosericm  supplies  each  of  its  brood  cells  mth  four  or  five  caterpillars ;  -I. 
sabulosa  and  argentata  only  with  one  very  large  caterpillar,  which  is  paralysed 

*  Fabre,  "  Observations  siu-  les  moeurs  des  Cerceris  ; ''  also  "  Etudes  sur 
I'instinct  et  les  metamorphoses  des  Sph^giens,"  Ann.  de»  Sc.  Nat.,  ser.  4,  Tom  I^  . 
and  VT. 
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by  a  sting  in  a  median  apodal  body  segment.  Pom/pilus  viatious  L.,  A  imnopMla 
saiulom  L.,  Crahro  criiarius  L. 

Fam.  Vespidae*  (Wasps).  Body  slender,  smooth.  Anterior  wings  are 
narrow  and  can  be  folded  together  longitudinally.  Th&y  are  sometimes  solitary, 
sometimes  they  live  in  societies  ;  in  the  last  case  the  workers  also  are  winged. 
The  females  of  the  solitary  wasps  build  their  brood-cells  in  sand  or  on  the 
stalks  of  plants  with  sand  and  clay,  and  fill  them  rarely  with  honey,  usually 
with  insects,  especially  caterpillars  and  spiders  ;  they  thus  approach  the  Fossor  ia 
in  theii'  mode  of  life.  The  social  wasps  approximate  to  bees  in  the  organization 
of  their  society.  They  constnict  their  nests  of  gnawed  wood,  which  they 
manufacture  into  lamellse  resembling  paper,  and  fasten  together  into  regularly 
hexagonal  cells.  The  combs,  which  are  composed  of  a  simple  layer  of  cells 
attached  to  one  another,  are  either  suspended  freely  on  the  branches  of  trees, 
or  in  holes  in  the  earth  and  in  hollow  trees,  or  suiTounded  by  a  common 
leafy  investment,  on  the  under  sui'face  of  which  the  holes  for  exit  are  placed. 
In  the  latter  case  the  internal  structure  fi-equently  consists  of  several  horizon- 
tally-suspended combs  which  are  placed  one  above  the  other,  like  the  floors 
of  a  house,  and  are  connected  by  buttresses.  The  openings  of  the  hexagonal 
vertically  placed  cells  look  downwards.  The  foundation  of '  each  wasp  nest  is 
laid  in  the  spring  by  a  single  female,  which  was  fertilized  in  the  preceding 
autiimn  and  has  survived  the  winter.  She  begets,  in  the  course  of  the  spring 
and  summer,  workers,  which  help  to  increase  the  size  of  the  nest  and  to  rear 
the  ofEspring,  and  of  which  the  larger  forms  produced  in  the  summer  not 
rarely  lay  eggs,  which  develop  parthenogenetically  into  males.  The  larvse 
are  fed  with  insects  which  have  been  well  chewed,  and  are  transformed  in  a 
dehcate  case  into  pupae  in  the  closed  cells.  The  perfect  insects  feed  as  a 
rule  on  sweet  substances  and  honey  juices,  which  they  are  said  occasionally  to 
gather  in  [Polistes).  Males  and  females  first  appear  in  late  summer  and 
copulate  in  the  flight  high  up  in  the  air.  The  males  soon  die  and  the  whole 
colony  is  generally  dissolved  in  the  autumn  ;  the  fertilized  females,  on  the 
other  hand,  survive  the  winter  under  stones  and  moss  in  order  to  found  new 
societies  in  the  following  year.  Odyncrus  parietum  L.,  PoUstes  gallica  L. 
Nests  are  without  investment  of  leaves  and  consist  of  a  stalked  comb.  The 
fertilized  females,  which  have  survived  the  winter,  produce  according  to  v. 
Siebold  at  first  only  female  ofiEspring,  whose  eggs  remain  unfertilized  and 
develop  parthenogenetically  into  males.  Ves2)a  crairo  L.,  hornets.  F 
vulgaris  L. 

Fam.  Apidaef  (Bees).  Tibia  and  tarsus,  especially  of  the  hind  legs,  broadened  ; 
the  first  tarsal  joint,  especially  of  the  hinder  legs,  covered  with  hairs  like  a 
brush.  Anterior  wings  cannot  be  folded  together.  Body  hairy.  The  hairs  on 
the  hind  legs  or  on  the  belly  serve  as  a  collecting  apparatus  for  the  pollen. 
The  labium  and  maxillae  often  reach  a  very  considerable  length.  The  latter 
are  applied  as  a  sheath  to  the  tongue,  and  bear  only  rudimentary  palps.  The 
bees  are  solitary  and  social,  and  place  their  nests  in  walls,  under  earth  and  in 
hollow  trees,  and  feed  their  larvae  with  honey  and  pollen.  Some  do  not  build 
nests,  but  lay  their  eggs  in  the  filled  cells  of  other  bees  (parasitic  bees). 
Andrcna  cineraria  L.,  JDasypoda  hirtipes  Fabr.,  Nomada  ruficornis  Kirb., 

*  H.  de  Saussure,  "  Etudes  sur  la  famille  des  Vesp'ides."    3  vols    Paris  1852 
to  1857.  ' 
t  F.  Hulser,  "  Nouvelles  observations  sur  les  Abeilles."    2  vols.    Paris.  1814. 
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Mvffiiehilt'  (^Cfmlioodimia)  mvraria  Fabr..  Osmia  hicornis  L.,  Anthnphora 
jrilipes  Fabr.,  Xylonypa  riolaeca  Fabr,  Wood-bces  construct  perpendicular 
{passages  in  wood,  and  divide  them  by  transverse  walls  into  cells. 

Bnmhvn  Latr.  Bumble  bee.  Body  heavy  ;  hairy  like  fur.  The  nests  are 
usually  i)laced  in  holes  under  the  earth,  and  include  only  a  small  number,  about 
fifty  to  two  hundred,  rarely  as  many  as  fi.ve  hundred  workers,  in  addition  to  the 
fertilized  female.  They  do  not  construct  combs,  but  pile  up  iiTCgular  masses 
of  pollen,  in  which  the  eggs  are  deposited,  and  which  serve  as  food  for  the 
hatching  grubs.  The  latter  eat  out  cellular  cavities  in  the  pollen  masses  and 
form  oval  cocoons,  which  are  free  but  irregularly  placed  by  the  side  of  one 
another.  The  nest  is  founded  by  a  single  female  which  has  survived  the  winter. 
She  at  first  alone  has  the  burden  of  rearing  the  brood  ;  su])sequently,  however, 
this  is  shared  by  the  hatched  workers  of  different  size,  which  themselves 
lay  unfertilized  eggs.  B.  lajridarim  Fabr.,  mnscnrnm  111.,  terresti-is.  111., 
hypmmim  111. 

Apis  L..  honey-bee.  The  workers  with  lateral  separated  eyes,  with  one-jointed 
maxillary  palps.  The  external  surface  of  the  hinder  tibije  is  pressed  into  the 
form  of  a  pit,  and  is  surrounded  by  simple  marginal  setae  (basket,  fig.  491,  K): 

the  inner  surface  of  the  tarsus  is  beset  with  regular 
rows  of  setas  (brush,  fig.  491  B,  h).  The  female 
(queen)  with  shorter  tongue,  longer  abdomen,  with- 
out brush.  The  male  (drone),  with  large  eyes  in 
contact,  broad  abdomen,  and  short  mouth  parts, 
without  basket  and  brush.  A.  mellijica  L.,  honey 
bee,  distributed  over  Europe  and  Asia  as  far  a» 
Afi'ica. 

The  workers  build  perpendicular  combs  in  hollow 
trees,  or  in  other  protected  places  ;  under  the  in- 
fluence of  human  cultivation,  in  suitably  arranged 
baskets  or  hives.  The  wax  used  in  the  construction 
of  the  comb  is  produced  in  the  organism  as  a  result 
of  metabolism  (honey  being  the  source),  and  is 
exuded  in  the  form  of  small  tablets  between  the 
segments  of  the  abdomen.  The  combs  consist  of 
two  layers  of  horizontal  hexagonal  cells,  the  bases  of 
which  are  formed  of  three  rhomboidal  plates.  The 
smaller  cells  serve  for  the  reception  of  provisions 
(honey  and  pollen)  and  for  the  brood  of  workers,  the  larger  for  the  reception 
of  honey  and  the  drone  brood.  Outside,  at  the  edge  of  the  comb,  there  ai-e 
at  definite  times  a  small  number  of  large  irregular  queen  c&lls,  in  which  the 
female  larvae  are  brought  up.  When  the  cells  are  fifled  with  honey,  or  the 
larvae  contained  in  them  have  reached  the  stage  of  pupae,  they  are  closed  up.  A 
small  opening  at  the  bottom  of  the  hive  serves  for  entry  and  exit ;  all  other 
clefts  and  fissures  ai-e  closed  with  wax,  and  no  light  enters  the  interior  of  the 
nest.  In  no  other  Hymenopteran  societj'  is  the  division  of  labour  so  strictly 
can-ied  out  as  in  that  of  the  bees.  There  is  only  one  fertilized  queen,  and  she 
alone  lays  the  eggs  (she  may  \&y  more  than  three  thousand  eggs  in  one 
day).  The  working  bees  divide  amongst  themselves  the  business  of  collecting 
honey,  preparing  wax,  and  feeding  the  brood,  and  the  completion  of  the  nest. 
The  drones,  which  exist  only  at  the  swarming  time,  and  then  only  in  pro- 
portionately small  numbers  (two  hundred  to  three  hundred  in  a  society  of  twenty 


Fis.  491.— a,  Hind  leg  of  a 
worker  of  Apia  mellifica. 
K,  basket  on  the  tibia; 
B,  enlarged  tarsal  joint 
with  brush  on  the  under 
Bide.  b,  brush,  more 
strongly  magnified. 
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thousand  to  thirty  thousand  workers)  have  the  privilege  of  enjoying  themselves 
and  of  doing  no  kind  of  work  in  the  hive  ;  they  arise  from  unfertilised  eggs  and 
are  killed  in  the  autumn  (slaughter  of  drones).  The  queen  and  the  v?orkers 
live  through  the  winter  consuming  the  stored-up  provisions,  and  kept  waim  by 
the  heat  produced  by  the  dense  population  of  the  hive.  In  the  first  days  of 
spring  the  queen  deposits  eggs,  first  in  the  workers'  cells  and  later  in  the  drolie 
cells.  Some  royal  cells  are  then  constructed,  and  at  intervals  she  deposits  a 
fertilised  egg  in  each  of  them.  The  larvEe  in  the  royal  cells  receive  a  richer 
nourishment  and  royal  food,  and  become  sexually  mature  females  (queens), 
capable  of  copulating.  Before  the  oldest  of  the  young  queens  is  hatched — 
sixteen  days  from  the  deposition  of  the  egg  is  required  for  this,  while  the 
workers  develop  in  twenty  days,  the  di-ones  in  twenty -four — the  queen-mother 
leaves  the  hive  with  a  part  of  the  inhabitants  (first  swarm).  The  young  queen 
either  kills  all  the  other  royal  larvEe  and  remains  in  the  old  hive,  or  if  she  is 
prevented  fi'om  doing  this  by  the  workers,  and  the  population  is  still  large 
enough,  she  also  leaves  the  old  hive  with  a  part  of  the  workers  before  the 
appearance  of  a  second  queen  (second  swarm).  Soon  after  her  metamorphosis 
the  young  queen  makes  her  marriage  flight,  and  returns  after  impregnation  to 
the  hive.  The  queen  is  only  impregnated  once  in  the  course  of  her  life,  which 
lasts  four  or  five  years  ;  she  is  henceforward  able  to  produce  male  and  female 
oflEspring.  If  the  wings  of  the  queen  are  paralysed  and  she  is  unable  to 
copulate,  she  lays  eggs  which  only  give  rise  to  di-ones  ;  the  same  is  the  case 
with  the  fertilised  queen  in  her  old  age,  when  the  contents  of  the  receptacu. 
lum  serainis  is  exhausted.  Workers  also  may  lay  eggs  which  develop  into 
drones  ;.  the  larvse  destined  to  develop  into  workers  may,  if  the  food  supply  at 
any  early  stage  be  abundant,  become  queens.  As  parasites  in  bee-nests  may  be 
mentioned  the  death's  head  moth,  the  wax  moth,  the  larva  of  the  bee-woL£, 
(^Triohodes  ajriaritts),  and  the  bee-louse  [Braula  cccGci). 

The  genera  Melipona  III.,  Trigona  Jur.,  comprise  small  American  species  of 
bees ;  they  appear,  however,  to  be  less  closely  related  to  the  genus  A])is  than 
has  been  hitherto  believed.  With  regard  to  the  economy  of  the  society,  one  of 
the  most  striking  deviations  they  present,  is  that  the  brood-cells  are  filled  with 
honey  before  the  deposition  of  the  eggs  and  afterwards  closed,  so  that  the  just- 
hatched  grab  is  provided  beforehand  with  all  the  food  material  (Fr.  Miiller). 
The  workers  also  prepare  large  reservoirs  for  the  storage  of  the  honey.  Among 
the  former  there  are  forms  as  in  Bomlms,  that  do  not  build  nests,  but  lay  their 
eggs  in  the  nests  of  other  species. 
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Aasfliege,  576. 

Aaskafer,  590. 

Abdominalia,  446. 

AMogenesis,  96. 

Abraxas,  583. 

Abyla,  250. 

Acalepha,  250. 

Acalyptera,  576. 

Acanthia,  572. 

Acanthobothrium,  327. 

Acanthocephala,359,343. 

Acanthometra,  191. 

Acarina,  489. 

Acephalocvsts,  336. 

Achffita,  392. , 

Acherontia,  584. 

Achtheres,  436. 

Acidalia,  583. 

Acineta,  205. 

Acmostomum,  312. 

Accela,  313. 

Acraspeda,  233. 

Acridiiim,  527,  558. 

AcrocJadia,  295,  296. 

Acronycta,  383. 

Acrophalli,  347. 

Actiuaria,  232. 

Actinia,  230,  232. 

Actinometra,  286,  289. 

Actinophrys,  188. 

Actinosphferium,  188. 

Actinolrocha,  389. 

Actinozoa,  223. 

Aculeata,  595. 

Aculeus,  592. 

Adambulacral  plates, 
291. 

Adapis,  173. 

Adaptation,  145. 

Adaptions  of  embiyos 
and  larvse,  157. 

Adelo-codonic  gono- 
phorc,  236. 

Adenoid  connective  tis- 
sue, 38. 

Admiral,  585. 


iEga,  222,  460. 

^gineta,  242. 

-S^ginopsis,  236. 

^quorea,  238,  242. 

^schna,  562. 

JSschna  rectal,  Eespira- 
tion  of,  72. 

Agalmidse,  249. 

Agalmopsis,  247, 248,249. 

Agassiz,  L,  139. 

Agelena,  504. 

Aglia,  584. 

Agrilus,  589. 

Agrion,  562. 

Agriotes,  589. 

Agrotis,  583. 

Alary  muscles,  533. 

Alaurina  composita,  313. 

Albertus  Magnus,  133. 

Albunea,  478. 

Alcinoe,  266. 

Alciopa,  380. 

Alciopea,  379. 

Alcippe-,  446. 

Alcyonaria,  228,  231. 

Alcyouium,  231. 

Aldj'ovandus,  133. 

Alima,  472. 

Alpheidse,  476. 

Alternation  of  genera- 
tions, 123. 

Alucita,  682. 

Alula,  672. 

Alydus,  572. 

Ambnlacral  brains,  277. 

Ambulacral  branchiae, 
277. 

Ambulacral  feet,  273. 
Ambulacral  Gills,  275. 
Ambulacral  groove,  291. 
Ambulacral  ossicles,  271, 
290. 

Ambulacral  plates,  271. 
Ambulacral  surface,  269. 
Ambulacral  vascular 
system,  272. 


Ametabola,  547. 

AmmopMla,  596. 

Ammothea,  496. 

Amoeba,  186. 

Amoebidium,  209. 

Ampharete,  382. 

Amphibia,  Vascular  sys- 
tem of,  65. 

Amphibiotica,  561. 

Amphidiscs,  218. 

Amphihelia,  232. 

Amphileptus,  195,  204. 

Amphinomidffi,  374. 

Amphioxus,  Vascular 
system  of,  63. 

Amphipeltis,  451. 

Amphipoda,  451. 

Amphipods.  Parasites  of, 
362. 

Amphiporus,  342,  340. 
Amphistomum,  317. 
Amphitrocha,  378. 
Amphiura,     278,  279, 

285,  294. 
Anal,  vesicles  of  Chseti- 

fera,  388. 
Analogy,  52. 
Anapera,  575. 
Anatifa,  445. 
Anceus,  459. 
Anchitherium,  172. 
Anchorella,  436. 
Ancylostomum,  352. 
Andoctonus,  510. 
Andi-eua,  597. 
Anelasma,  445. 
Anguilla,  351. 
Anguillula,  357. 
Anilocra,  460. 
Animals  and  plants,  15. 
Anisopoda,  459. 
Annelida,  362. 
Anobium,  589. 
Anochanus,  279. 
Anopla.,  342,  339,  341. 
Anoplotermes,  560. 
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Anoplura,  5()8, 
Antedori,  289. 
Anteniue,  8-i. 
Anteniial     Gland  of 

Tliorucoslriica,  4(il 
Anteiiimlaria,  242. 
Anthopliora,  598. 
Aiithozoa,  228,  229,  280. 
Anthrax.  57(i. 
Antimerc,  2."i. 
Antipatharia,  232. 
Antipatlies,  232. 
Antliata,  572. 
Ant-lion,  664. 
Ants,  595. 
Apatheon,  177. 
Apatura,  585. 
Aphalaspid*,  177. 
Aphanlptera,  578. 
Aphides,  Reproduction 

of,  106,  128. 
Aphis,  569,  570. 
Aphodius,  590. 
Aphrodite,  379. 
Aphrophora,  571. 
Apical  plate  of  Annelids, 

363. 

Apical  pole  of  Bchinder- 

mata,  268. 
Apiocrinus,  289. 
Apiocystites,  289. 
Apion,  588. 
Apis,  598. 
Apoda,  299,  446. 
Apolemia,  246,  249. 
Aporosa,  232. 
Apseudes,  456. 
Apsilus,  401. 
Aptera,  567. 
Apus,  419. 
Arachnida,  484. 
Aradus,  572, 
Araneida,  498. 
Arcella,  186. 
Archseoniscus,  451. 
Archasopteryx,  175. 
Archegosaurus,  177. 
Archenteron,  116,  117. 
Archiannelida,  365,  376. 
Archigetes,  339. 
Arenicola,  381. 
Arethusa,  249. 
Argas,  495. 
Argulus,  438. 
Argynnis,  585. 
Argyroueta,  499,  504. 
Arista,  573. 

Aristotle,  classification 

of,  132. 
Ariwtotle's  lantern,  276, 
Ai-madillo,  457,  460, 
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Arrenotokia,  543, 
Arteniia,  419. 
Arterial,  73. 
Artery,  62. 
Arthropoda,  405. 
Arthrostraca,  449. 
Articulata,  289. 
Ascalaphus,  564. 
Ascaltis,  222. 
Ascandra,  222. 
Ascaris,  347,  346,  351. 
Ascetta,  222. 
Ascilla.  222. 
Ascomorpha,  404. 
Ascon,  222. 
Ascortis,  222. 
Asculmis,  222. 
Ascyssa,  222. 
Aseilus,  460. 
Asilus,  576. 

Aspidochu-otffi,  298,  299. 
Aspidiotus,  543,  569. 
Asplanchna,  404. 
Astacus.  477. 
Astasia,  169. 
Asteracanthion,  285, 
293. 

Asteriadte,  293,  279, 
Asterias,  293. 
Asteridea,  279,  292. 
Asteroidea,  279,  290. 
Asterope,  427. 
AstrEea,  229,  232, 
Astrseid^,  232. 
Astroides,  233. 
Astronyx,  294. 
Astropecten,   275,  292, 
293. 

Astrophytou,  294. 
Atax,  495. 
Ateuchus,  590. 
Athalia,  594. 
Athorybia,  248,  249. 
Atolls,  230. 
Atrocha,  377. 
Attacus,  584. 
Attagenus,  590. 
Atypus,  504. 
Auditory  organs,  85. 
Aulastomuin,  400. 
Aurelia,  261. 
Aurelio  Severino,  133. 
Auricularia,   281,  282, 

283,  298. 
Autolytus,  372,  379. 
Aves,   vascular  system 
of,  67. 

Bacillus,  206. 
Bacteria,  206,  557. 
Baer,  C.  E.  von,  137. 


Balaninus,  588. 
Balanoglossus,  299,  302. 
Balautidium,  205. 
Balanus,  446. 
Bark  lice,  127,  570. 
Barrier  reefs,  230.  ' 
Bathybius,  186. 
Batliycrinus,  289. 
Bdella,  495. 
Beai'-cateipillai-s,  583. 
Bed-bug,  572. 
Bedeguar  of  roses,  594. 
Bee-louse,  575,  599. 
Bees,  597. 
Beetle-mites.  495. 
Bee-wolf,  599. 
Bell  Animalcule,  198. 
Bembex,  596. 
Beris,  577. 
Beroe,  264,  266. 
Bibio,  574,  577. 
Biesfliegen,  576. 
Biogenesis,  96. 
Bipalium,  315. 
Bipinnaria,  281,283,  292, 
293. 

Bird  spider,  504. 
Birgus,  478. 
Bittacus,  563. 
Bivium,  269. 
Bladder- Worm,  332. 
Blaps,  589. 
Blastoidea,  289. 
Blastopore,  114. 
Blastosphere,  113. 
Blastostvle,  236. 
Blastotrochus,  227,  232. 
Blatta,  557. 
Blatthorukafer,  589. 
Blattkiifer,  588. 
Blaulinge,  585. 
Bleudwanzen,  572. 
Blood-corpuscles,  32. 
Bockkiifer,  588. 
Body  cavity,  50. 
Body  cavit}-,  primary, 

50,  116. 
Bombardii'kafer,  590. 
Bombus,  598. 
Bombycina,  583. 
Bombylius,  576. 
Bombyx,  581,  584. 
Bone,  development  of, 

40,  42. 
Bonellia,  392. 
Bonnet,  133. 
Book-lice,  559. 
Bopyras,  460. 
Borkenkafer.  588. 
Borlasia,  340,  342,  343. 
Bos  taurus,  origin  of,  143. 
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Bostrychus,  588. 
Bothriocephalidae,  336. 
Bothriocephalus.  330, 

331,  337,  334,  327. 
Botiytis,  584. 
Botys,  582.  . 
BracMnus,  590. 
Brachiolaria,  281,  292, 

293. 

Bracliionus,  404. 
Brachycera,  575. 
Brachyura,  478. 
Bracon,  595. 
Brain,  80,  82. 
Branchellion,  400. 
BranchifB,  69. 
Branchiae  of  Chastopods, 
367. 

Branchiobdella,  400. 
Branctiiopoda,  418. 
Branchiostegite,  463. 
Branchipus,  419. 
Branchinra,  436. 
Braula,  575.  .599. 
Brisinga,  293. 
Brissus,  297. 
Brittle  stars,  293. 
Brontotheridse,  173. 
Brown  tubes  of  Gephy- 

raa,  388. 
Buckelzirpen,  571. 
Budding,  96. 
Bufeon,  139. 
Bugs,  57],  567. 
Bunodes,  225. 
Buprestis,  589. 
BursEe    of  Ophimidea, 

294. 
Bursaria,  205. 
Butterflies,  579. 

Calandi-se,  588. 
Calanidse,  435. 
Calappa,  478. 
Calcareous  sacs  of  Lum- 

bricus,  383. 
Calcareous  sponges,  222, 
Calcispongi^,  222. 
Callidina,^404. 
Caligus,  436. 
Callianassa,  477. 
Calopteryx,  562. 
Calotermes,  569,  561. 
Calycophoridte,  249. 
Calycozoa,  254,  257. 
Calymene,  484. 
Calyptopis,  474. 
Camberwcll  beauty,  585. 
Camel-neck  flies,  563. 
Campanularia,  242. 
Campanulariae,  241. 


Campodea,  554. 

Cancer,  478. 

Cantharidffi,  588. 

Cantharis,  589. 

Canthocamptus,  435. 

Capillary,  63. 

Capitella,  377. 

Capitellidse,  375. 

Capitibranchiata,  381. 

Caprella,  454. 

Capsus,  572. 

Carabus,  590. 

Carchesium,  205. 

Carcinus,  478. 

Cardo,  523. 

Carididffi,  477 

Carina  of  Cirripedia,  439. 

Carmarina,  242 

Carotid  arteries,  66. 

Carp-lice,  438. 

Cartilage,  39. 

Cartilage  calcified,  40. 

Caryocrinus,  289. 

Caryophyllasus,  326,  328, 
334,  338. 

Caryophyllia,  232. 

Catenula,  312.  313. 

Caterpillar.  549,  581. 

Catocala,  583. 

Catometopa,  478. 

Cecidomjia,  578. 

Cecidomyia,  reproduc- 
tion of,  106,  128,  544. 

Cecrops,  436. 

Cell,  12,  29. 

Cellular  tissue,  37. 

Central  plate,  271. 

Centrolecithal,  112. 

Centre tus,  571. 

Cephalic  branchiu  of 
chffitopoda,  369. 

Cephalopoda,  eye  of,  90. 

Cephalothorax  of  Arth- 
ropoda,  407. 

Cephalotrichidse,  343. 

Cephalothrix,  343. 

Cephalotrocha,  378. 

Cephea,  261. 

Cerambyx,  588. 

Cei'aospongia,  221. 

Cerapus,  453,  455. 

Ceratium,  196. 

Cercaria,  129,  320. 

Cercaria  macrocerca, 
321. 

Cerceris,  596. 

Cercomo7ias,  194. 

Cerebratulus,  343. 

Cerianthus,  225,  232. 

Cestidae,  263. 

Cestoda,  326. 


Cestum.  264,  265,  266. 
Cetochilus,  435. 
Cetonia,  590.  596. 
ChEetifera.  389. 
Chaetogaster,  386. 
Chsetognatha,  357. 
Chsetonotus,  404. 
Chsetopoda,  367. 
Chffitoptems,  382. 
ChEetosomidre,  357. 
Chalicodoma,  '598. 
Chalineas.  220. 
Charybdea.  259. 
Charybdeidae,  252,  254,. 
Cheese-flies,  576. 
Cheese-mites,  492. 
Cheimatobia,  583. 
Cheiracanthus,  345. 
Chelicerge,  484. 
Chelifer,  511. 
Chelura,  453,  455. 
Chermes,  543,  570. 
Chermes.  reprodactioui 

of,  127. 
Chernetidae,  511. 
Chiaja,  266. 
Chigoe,  579. 
Chilocorus,  587. 
Chilodon,  205. 
Chilognatha,  520. 
Chilopoda,  518. 
Chirodota,  299. 
Chironomus,  578. 
Chitin,  79. 

Chlamydomonas,  194.. 
Chloeon,  561. 
Chlorophyll,  20,  21. 
Chlorops,  576. 
Choudracanthus,  436. 
Chorion,  98,  542. 
Choroid  of  eye,  88. 
ChromuUna,  195. 
Chrondi-osia,  221. 
Chrysaora,  261. 
ChrysididiB,  596. 
Chrysis,  596. 
Chrysomela,  588. 
Chrysomitra,  246,  250.. 
Chrysopa,  564. 
Chrysops,  577. 
Chrj'sosoma,  576. 
Chthonius,  511. 
Chyle,  57,  67. 
Chylific  ventricle,  530. 
Chyme,  .57. 
Cicada,  567,  571. 
CicadellidEe,  571. 
Cicadidae,  571. 
Cidaridea,  273.  274,  295, 

296. 
Cidaris,  296. 
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-Cniiary  body,  90. 
Ciliata,  196. 
CiliofiagoUata,  196. 
•Cirabex,  594. 
Cinciudela,  590. 
Ciiieras,  445. 
Cirri  of  Chaetopods,  367. 
■Cirri  of  Vermes,  307. 
Cirripedia,  488. 
Cii-rus,   sac  of  Trema- 

todes.  318. 
•Cirrus,  sheatii  of  Cestoda, 

329. 

•CiiTus  of  Trematodes, 

318. 
Cistela,  589. 
Citigradas,  504. 
Citronvogel,  585. 
Cladocera,  419. 
'Claspers  of  Tanaidse,  459 
Clathrulina,  188. 
Clava.  241. 
•Clavidje,  241. 
Claviger,  590. 
CJavulse,  272. 
■Clavulns  of  Echinoidea. 

296. 
Claw,  34. 
Clepsidrina,  208. 
•Clepsine,  400. 
Clerus,  589. 

■Climate,    influence  of, 
148. 

Climate  in  relation  to 

fauna,  160. 
•Clisiocampa,  584. 
Clitellus  of  Lumbricus, 

323,  385. 
Clotlies  moth,  582. 
Clubiona,  504. 
Clypeaster,  297. 
■ClypeastridEe,  295,  296. 
•Clypeastridea,  268,  273, 

296. 
•Clythia,  242. 
Clythra,  588. 
Cnethocampa,  584. 
Cnidaria,  222. 
Cnidoblast,  212,  223, 
Cnidocil,  223. 
'CoccidjE,  567,  568. 
Coccidia,  209. 
•Coccinella,  587. 
Coccus,  569. 
Coccygeal  glands,  77. 
'Cochineal.  569. 
Cockchafer,  590. 
Cockroach,  557. 
•Cod(.siga,  196. 
Ccelenterata,  209. 
Ccelom,  50. 


Coenencliym,  227. 
Coenobita,  478. 
Ccenurus,  331,  333, 
Cold-blooded,  74. 
Coleoptera,  585. 
Colias,  585. 
CoUembola,  553. 
Collosphasra,  191. 
CoUozoum,  191. 
Colpodella,  194. 
Colpoda,  205. 
Columella  of  Actinozoa, 
228. 

Colymbetes,  590. 
Comatula,  276,  286,  288, 
289. 

Complemental  males  of 

Cirripedia,  442. 
Compsognatlius,  177. 
Conchoderma,  445. 
Conjugation,  202. 
Connective  tissues,  37. 
Conochilus,  404. 
Conops,  576. 

Contractile  Vacuole,  180. 
Convoluta,  311,314.318. 
Convolutidae,  313. 
Copepoda,  428. 
Copris,  590. 
Coral,  mushroom,  232. 
Coral  organ,  231. 
Coral  Polyps,  223. 
Coral,  red,  231. 
Coral  reefs,  230. 
Coral,  star,  232. 
Coral,  white,  232. 
Corallium,  231. 
Cordylophora,  241. 
Corethra,  578. 
Coreus,  572. 
Corixa,  572. 
Cornea,  87. 
Cornularia,  231. 
Corn  us  pi  ra,  187. 
Coronula,  446. 
Corophium,  454. 
Correlation,  51.  ' 
Corrodentia,  559. 
CorycEeus,  436. 
Corydalis,  563. 
Corymorpha,  240,  241. 
Cossus,  584. 
Costa,  528. 

Costa  of  Actinozoa,  228. 
Coxa,  526. 
Crabro,  597. 
Crab-spiders,  504. 
Crambus,  582. 
Crangon,  477. 
Craspedota,  238. 
Craspedota,  258. 


I  Craterolophus.  258. 
Crayfish,  477. ' 
Crevettina,  454. 
Cribrellum,  499. 
Crickets,  558. 
Crinoidea,  279.  286. 
Crinoids,  289. 
Criodrilus,  385. 
Crocodilia,  heart  of,  67. 
Crop,  57,  530. 
Crustacea,  411. 
Cryptocephalus,  588. 
Ciyptoniscus,  460. 
Ciyptopentamera,  588. 
Cryptophialus,  446. 
Crystalline  cone,  87. 
Cteniza,  504. 
Ctenodiscus,  275,  293. 
Ctenophora,  261,  578. 
Ctenophor  type,  211. 
Cubitus,  528. 
Cuckoo-spittle,  571. 
Cucullanus,  348,  353. 
CucuUia,  583. 
Cucumaria.  299. 
Culex,  578. 
Culicidse,  574. 
Culicrformes,  578. 
Ciunacea,  469. 
Cunina,  239,  242. 
Curculionidfe,  588. 
Ciu'soria,  556. 
Cutaneous  gland,  77. 
Cuticle,  35. 
Cuvier,  135. 
Cuvieria,  297. 
Cuvier,    organs   of,  in 

Holothuroidea,  298. 
Cyamus,  454. 
Cyanea,  261. 
Cyathophyllidffi,  230. 
Cyclometopa,  478. 
Cyclops.  435. 
Cydippe,  265,  266. 
Cylicomastiges,  196. 
Cylicozoa,  257. 
Cymothoa,  460. 
Cynipidae,  59-t. 
Cynips,  594. 
Cyphophthalmus,  506. 
Cypridina.  427. 
Cypris,  428. 

Cypris-stage    of  Cim- 

pcdia.  443. 
Cyrtopia,  474. 
Cysticercus.  332,  335. 
Cystic-worm.  332. 
Cystidea,  289. 
Cystosoma,  453. 
CystotiBnia.  335. 
I  Cythcre,  427. 
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Dactylocalyx,  221. 

Dactyl ozooids,  246. 

Daphnia,  422. 

Darwin,  145. 

Dasychira.  583. 

Dasypoda,  .597. 

Death-head  moth,  584. 

Death-watch,  589. 

Decapoda,  475. 

Deep  sea  Fauna,  163. 

De  Gear,  133. 

Degradation,  158. 

Delaminatiou,  114. 

Demodex,  492. 

DendrochirotEe,  299. 

Dendi-ocoela,  311,  314. 

Dendrocoelum,  315. 

Dendi'ometridse,  583. 

Dendrophyllia,  233. 

Dentine,  41. 

Dermal  branchiae,  277. 

Dermanyssus,  495. 

Dermatobia,  576. 

Dermatodectes,  492. 

Dermatophili,  492 

Dermatoptera,  556 

Dermestes,  590 

Derostomea,  312. 

Derostomum,  313. 

Descent,  evidence  in  fa- 
vour of  theory  of,  151. 

Desmoscolecidffi,  357. 

Desor,  Type  of,  341 

Deutoplasm,  111. 

Development,  107. 

Diaptomus,  435. 

Diastjdis,  470. 

Ditflugia,  186. 

Digenous  reproduction, 
97. 

Digging- wasps,  596. 
Digoiiopora,  316. 
Diloba,  583. 

Dimorphism,  facts  of,  in 
favour  of  theory  of 
descent  152,  sexual 
101,  15.3. 

Dinoceras,  173. 

DinosauridfE,  175. 

Dioecious,  100. 

Diopatra,  374,  379, 

Diphyes,  246,  250. 

Diplophysa,  250. 

Diplozoon,  324. 

Dipneumones,  504. 

Diporpa,  325. 

Diptera,  572. 

Direct  development,  120. . 

Directive  body,  109. 

Discoidal  segmentation, 
112. 


Discoideffi,  250. 
Discomedusa,  260,  261. 
Discophora  (Coeleute- 

rate),  259,  394. 
Discopliora,   see  Hiru- 

dinea. 

Dissepimenta  of  Actin- 
ozoa,  228. 

Dissepiments  of  Anne- 
lida, 364. 

Distomea,  318,  321. 

Distomum,  317,  322. 

Distomum  cygnoides, 
321. 

Distomum  hsematobium, 
321. 

Dochmius,  350,  352. 
Dolichopus,  576. 
Dolomedes,  502,  504. 
Doritis,  585. 

Dorsibranchiata,  370, 379 
Dorylaimus,  357. 
Dracunculus,  356. 
Dragon-fly,  562. 
Dromia,  478. 
Drone,  598. 
Ductus  BotaUi,  66, 
Duug-Sies,  576. 
Duodenum,  57. 
Dynamena,  242. 
Dysdera,  499. 
Dytiscus,  590. 

Earwigs,  556. 
Ecdvsis  of  Arthropoda, 
407.' 

Echinaster,  273,  293. 
Echineibothrium,  338, 
326. 

Echiniscus,  497. 
Echinococcifer,  335. 
Echinococcus,  336,  331, 
333. 

Echiuocucumis,  297.  . 
Echinocyamus,  297. 
Echinoderidse,  404. 
Echinodermata,  266. 
Echinoidea,  294. 
Echinometra,  295,  296. 
Echinorhynchus,  362. 
Echinus,  296. 
Echiuroidea,  389. 
Echiurus,  387,  392. 
Eciton.  596. 
Ectoderm,  213,  49,  116. 
Ectolecithal,  112. 
Ectolithia,  189. 
Ectoplasm,  54. 
Eisvogel,  585. 
Elastic  fibres,  39. 
Elater,  689. 


Eleutheroblasteae,  240. 
Ellijosocephalus,  484. 
Elytron,  369,  528. 
Embolic  invagination,. 
114. 

Embryology  in  relation 
to  descent  theory,  157.. 

Embryonicdevelopment,. 
119. 

Empidse,  576. 

Enchelidium,  357. 

Enchytraeus,  384. 

Encriaus,  289. 

Endoderm,  116.  49,  213. 

Endogenous  cell  forma- 
tion, 30,  31. 

Endomychidai,  588. 

Endoplasm,  54. 

End-organs,  47. 

Endoskeleton,  79. 

Endothelium,  34. 

Enopla,  339,  342. 

Enoplus,  357. 

Bnterocoele,  116. 

Enteroplea,  404. 

Enteropneusta,  299. 

Entoconcha,  299. 

Entolithia,  189. 

Entomophaga,  594. 

Entomostraca,  416. 

Entoniscus.  459,  460. 

Entozoa,  308. 

Epeira,  505. 

Ephemera,  531,  562. 

Ephemeridse,  561. 

Ephialtes,  595. 

Ephippigera,  558. 

Ephryopsis,  261. 

Ephyra,  125,  253,  251. 

Ephyra-Medusa3,  259. 

Epiblast,  114. 

Epibole,  115. 

Epimerum,  525. 

Epipharynx,  524. 

Episternum,  525. 

Epistom  of  Decapoda,. 
476. 

Epistylis,  205. 

Epithelium,  34. 

Equitidse,  585. 

Equus,phylogeny  of ,  172. 

Ei-ebia.  585. 

Erichthus,  472. 

Eristalis,  576. 

Errantia,  378. 

Erythrfeus,  495. 

Eschscholtzia,  266. 

Estheria,  419. 

Euccphala,  577. 

Eucharis,  266. 

Euchlanis,  404, 


-606 


INDEX. 


Eucope.  242. 
Eucopepoda,  435. 
Eucopidye,  234,  224,  242. 
Eucyrtidiiim,  190. 
Eudciidriiini,  241. 
Eudoxia,  250. 
Evigiena,  19(). 
EuK-lypha,  18(5. 
Euisopoda,  4()0. 
Eunice,  379. 
Euphausia,  475. 
Euphausia,  eyes  of,  409. 
Euplectella,  221. 
Euprcpia,  583. 
Eurhamphasa,  266. 
Euryalidae,  273,  275,  294. 
Eurylepta,  316. 
Eurypterus,  480. 
Eusmilia,  232. 
Euspongia,  221. 
Eustrongylus,  352. 
Eutermcs,  559. 
Eutyphis,  456. 
Evadne,  422. 
Evania,  595. 
Exoskeleton,  78. 
Eyes,  85. 

Fabricia.372. 
Facetted  eye,  88. 
Faltenmiicke,  578. 
Fan  of  Arthropoda,  409. 
Fan-tracheae.  70,  410. 
Fasciola,  316. 
Fascicles  272,  296. 
Fat,  39. 

Fauna  of  deep  sea,  163. 
Fauna,  relation  of  to  re- 
cent fossil  formsj  170. 
Feathers,  Sea.  231. 
Federgeistchen,  582. 
Femur,  526. 

Fertilisation  of  ovum, 
109. 

Fettschabe,  582. 
Feuerwanze,  572. 
Fibrillar  tissue,  38. 
Field  cricket,  558. 
Figites,  594. 
Filaria,  347,349, 352,356. 

,,     host  of,  356. 
Filariidffi,  355. 
Filigrana,  382. 
Final   causes,  doctrine 

of,  51. 
Fir-tree  lice,  570. 
Fission,  96. 
Flabellum,  232. 
Flagellata,  193. 
Flata,  571. 
Flea,  579. 


Fleischfiiegc,  576. 

Flies,  575. 

Floscularia  404. 

Floscularidaj,  404. 

Foeiuis,  595. 

Foramen  Pauizzse,  67. 

Foraminifera,  184. 

Fore-gut,  56. 

Forficula,  556. 

Formica,  596. 

Formicidte,  595. 

Forskalia,  249. 

Fossils,  Conditions  of 
formation  of,  168 ;  Ke- 
lation  of,  to  living 
species,  170. 

Fossoria,  596. 

Free  cell  formation,  30. 

Fringing  reefs,  230. 

Fritillary,  585. 

Frost-butterflies,  583. 

Fulgora,  571. 

Fumea,  584. 

Fungia,  232. 

Fungicolae,  578. 

Fungidse  232. 

Furcilia,  474. 

Gabelschwanz,  584. 
Gadflies,  576. 
Galathea,  477. 
Galaxea,  232. 
Galea,  523. 
Galeodes,  512. 
Galleria,  582. 
Gall  flies,  578. 
Gall-flies,  Eeproduction 

of.  128. 
Gallicola,  594. 
Gallicolse,  578. 
Galls,  594. 
Gall-wasps,  594. 
Gamasus,  495. 
Gammarus,  455. 
Ganglion  cells,  45. 
Gastrgea  theory,  118. 
Gastropacha,  584. 
Gastrophilus,  576. 
Gastrotricha,  404. 
Gastsotrocha,  378. 
Gastrovascular  space  of 

Ccelenterata,  209. 
Gastro-vascular  system, 

60. 

Gastrula,  49,  114,  118. 
Gastrus,  576. 
Gebia,  477. 
Gecarcinus,  469,  479. 
Gelasimus,  479. 
Gelatinous  sponges,  221. 
Gemmules,  218. 


Genera,  Origin  of,  149. 

Generatio  equivoca,  10. 

Geocentroi)hora,  313. 

Geocores  672. 

Geodesmus,  316. 

Geographical  distribu- 
tion, 159. 

Geological  periods,  Cha- 
racteristics of  177. 

Geological  record.  Im- 
perfection of,  168. 

Geological  table,  165. 

Geometra,  583. 

Geometrldae,  580. 

Geometrina,  582. 

Geophilus,  519. 

Geopiana,  316. 

Geoplanidas,  315. 

Geotrupes,  590. 

Gephyrea,  386. 

Germ-cell,  105. 

Germinal  bands,  547. 

Germinal  disc,  112. 

Germinal  streak,  115. 

Germinal  vesicle,  110. 

Germs   of  Trematodes, 
319. 

Germ-stock,  96. 
Geryonia,  239,  242. 
Geryonopsidae,  242. 
Gessner  133. 
Gibocellum,  506. 
Gigantostraca,  479. 
Gills  69.  Ti-acheal,  70. 
Glabellum,  484. 
Gland,  36. 

Glands,  cutaneous,  77. 
Glassy  sponges,  221. 
Glaucoma,  205. 
Gleba,  250. 
Globigerina,  187. 
Glomeris,  516,  521. 
Glomerulus,  77. 
Glossa,  524. 
Glow-worm,  589. 
Glycera,  377,  379. 
Glyciphagus,  493. 
Glyptodon,  170. 
Gnat,  578. 

Gnathobdellidse,  400. 
Gnathostoma,  345. 
Gnathostomata,  435. 
Goethe,  137. 
Goldfliege,  576. 
Gold-wasps,  696. 
Gouium,  195. 
Gouophore,  237. 
Gonophores  of  Siphono- 

phora,  246. 
Gonospora,  20fi. 
Gonyleptus,  506. 
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Gordiidse,  356. 
Gordius,  346.  345,  348, 

357. 
Gorgoiiia,  231. 
Gorgonidas,  224. 
Grain-worms,  582. 
Grantia,  217,  222. 
Grapholitha,  582. 
Grapsus,  479. 
Grasshoppers,  557. 
GregariuidEe,  207. 
Gressoria,  557. 
Gromia,  187. 
Gryllotalpa.  527,  558. 
Gryllus,  558.  ' 
Gymnocopa,  380. 
Gymnophthalmata,  238. 
Gynascophorus,  322. 
Gyi-ator,  314. 
Gyrodactylus,  325. 
Gyi-opeltis,  438. 

Hsematopota,  577. 
Haematozoa,  356. 
HEementaria,  400. 
Hagmoglobin,  33. 
Hffimopsis,  400. 
Hairstreak  butterflies, 
585. 

Halichoncb'iEe,  221. 
Halicryptus,  394. 
Halisarca,  221. 
Halistemma,  249. 
Halla,  379. 
Halocypris,  427. 
Halomitra,  232. 
Halosauridje,  175. 
Halteres,  528,  572. 
Halteria,  205, 
Haltica,  588. 
Hamm,  133 
Harlequin,  583. 
Harpacticus,  435 
Harpalus,  590, 
Harpyia,  584. 
Harvey,  133. 
Haustellum,  573. 
Haversian  canals,  41. 
Hawk-moths,  581. 
Heart    of  vertebrata, 

Evolution  of,  64. 
Heat,  animal,  73. 
Heliaster,  293. 
Heliosphaera,  190. 
Heliozoa,  187. 
Hemerobidse,  564. 
Hemerobius,  564. 
Hemiaspis,  480. 
Hemiaster,  279. 
Hemielytra,  571. 
Hemiptera,  566,  571. 


Henops,  676. 

Hcpato-pancreas,  59. 

Hepiolus,  584. 

Herbert  on  fertility  of 
Hybrids,  142. 

Heredity,  145. 

Hermaphroditism  99,  in- 
complete, 100. 

Hermella,  382. 

Hermit  Crabs,  478. 

Hesperia,  585. 

Hesperornis,  176. 

Hessian  fly,  578. 

Heterodera,  357. 

Heterogamia,  555,  557. 

Heterogamy,   127.  130, 
131,  543. 

Heterogamy,  incom- 
plete, 131. 

Heterogyna,  596. 

Heteromera,  688. 

Heteronereis,  373,  379. 

Heterotricha,  205. 

Heuschrecken,  657. 

Hexactinellidae,  220. 

Hexactinia,  231. 

Hexapoda,  521. 

Hibernation,  74. 

Hilaire,  B.  G.  St.,  137. 
,.         „     on  mu- 
tability of  species,  1 44, 

Hindgut,  56. 

Hippa,  478. 

Hipparchia,  585. 

Hipparion,  172. 

Hippidfe,  477. 

Hippobosca,  575. 

Hippodidee,  249, 

Hii'udinea,  394. 

Hii-udo,  400. 

Hispa,  588. 

Hister,  590. 

Histolysis,  550. 

History  of  Zoology,  131. 

Holoblastic,  111. 

Holopus,  289. 

Holothuria,  299. 

Holothurians,  279. 

Holothuroidea,  297. 

Holotricha,  204. 

Holzfliegen,  577. 

Homarus,  477. 

Homolog}',  52. 

Homoptera,  570. 

Homothermic,  74. 

Honej'-dew.  569. 

Hoof,  34. 

Hormiphora,  266. 

Hormiscium,  206. 

Hornets,  597. 

Horny  sponges,  221. 


Horse-louse,  575. 

House-fly,  576. 

Humble  bee,  598. 

Hummelfliegeu,  576. 

Humming-bii'd  Hawk- 
moth,  684. 

Hyalonema,  222. 

Hyalospongia,  221. 

Hybrid  142,  Fertility  of, 
142. 

Hydatid  plague,  336. 
Hydatina,  404 
Hydra,  240. 
Hydrachna,  495. 
Hydractinia,  241. 
Hydi-anth,  244. 
Hydi-obius,  590. 
HydrocoralliEe,  240. 
Hydrocores,  571. 
Hydromedusae,  236, 
Hydi'ometra,  572. 
■Hydrophilus,  590. 
HydropMlus,  develop 

ment  of,  545. 
Hydi'ophyllia,  246. 
Hydi-opsyche,  565. 
Hydrosoma,  244. 
Hydrotheca,  241,  234. 
Hydrozoa,  233. 
Hylobius,  588. 
Hymenocaris,  448. 
Hymenoptera,  590. 
Hyperia,  455. 
Hyperidas,  455. 
Hyperina,  4^5. 
Hyp  e  r  m  et  a  m  0  r  p  hosis, 

548,  588. 
Hypoblast,  114. 
Hypoderma.  576. 
Hypodermis  Aithropoda, 

407. 

Hypodermis  of  Vermes, 
303. 

Hypodermis    or  Nema- 

toda,  345. 
Hypopharynx,  524. 
Hypopus,  493. 
Hypotricha,  205. 
Hystrix,  379. 

Ibla,  445. 
Ichneumon,  595 
Ichthydina,  404. 
IchthyobdellidEe,  399. 
Ichthyornithes,  175. 
Idotea,  460. 
Idyopsis,  266. 
Hia,  478. 
Heum,  57. 
Imagiual  disc,  550. 
Imago,  548. 
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lmpeiii)ratii,  187. 
Iii.ichus,  '17«S. 
Iuu3(^iiitel;u,  501. 
Individual,  21,  25. 
Infuudibuliim  of  Cteno- 

phora,  2(53. 
Infusoria,  191. 
Insecta.  521. 
Instinct,  94. 
Iphimedia,  453. 
IreniBus,  435. 
Ii-is,  88. 

Irregular  Sea-urchins, 
268. 

Isidor  of  Seville,  133 
Isis,  231 
Isogonism.  240. 
Isopoda,  456. 
Isopods,    Parasites  of, 
362. 

Itch-mites,  492. 
Ixodes,  493. 

Japyx,  528,  554. 
Jassus,  571. 
Jejunum'.  57. 
Jera,  460. 
Julus,  521. 

Kammmiicke,  578. 
Kermes,  569. 
Kidneys,  75. 
Kleinzirpen,  571. 
Kochlorine,  446. 
Kohlschnakgn,  578. 
Kolumbaczer,  577. 
Kornmotte,  582. 
Kupferglucke,  584. 
Kurzdeckfliigler,  690. 

Labidnra,  556. 
Labium.  523. 
Labrum.  523. 
Lac,  569. 
Lachnus,  570. 
Lacinia,  523. 
Lacou,  589. 
Lady-bird,  587. 
Lsemodipoda,  454. 
Lagena,  187. 
Lamark,  144. 
Lamellicbrnia,  589. 
Lamia,  527,  588. 
Lampyris,  536,  589. 
Land-bugs,  572. 
Laud  Crabs,  479. 
Langwanzeu,  572. 
Lantern-carj'ier,  571. 
Laomedea,  242. 
Laphria,  576. 
Larentia,  583. 


Lai-va,  1 1 '.). 

Larva  of  Lovdn,  362. 

Lasia,  576. 

Lateral  lines  of  Nema- 
toda,  346. 

Laterigradaj,  504. 

Laurer's  canal,  318. 

Leaf-flea,  ^70. 

Leaf-lice,  570. 

Leaf-wasps,  594. 

Lecauiuin,  543,  569. 

Ledermiiller,  133. 

Ledra,  571. 

Leech,  394. 

Leeuwenhoek,  133. 

Lemnisci  of  Acanthoce- 
phala,  360. 

Lens,  87. 

Lepadida3,  445. 

Lcpas.  445. 

Lepidocentrus,  295. 

Lepidojjtera,  579. 

Lepisma,  554. 

Leptidte,.  577. 

Leptodera,  350,  357. 

Leptodiscus,  198. 

Leptodora,  422. 

Le^jtoplana,  311,  316. 

Leptostraca,  448. 

Leptus,  495 

LerniBa,  436. 

Lerna?ocera,  436. 

Leruasodiscus,  447. 

Lernasopodidce,  436. 

Lestoruis,  177. 

Lestrigonus,  455. 

Leucaltis,  222. 

Leucaudra,  222. 

Leucetta,  222.  ■ 

LeuchtzirpeH,  571. 

Leucifer,  471,  476.. 

Leucilla,  222. 

Leucochloridium,  321. 

Leucon,  470. 

Leuconia,  222. 

Leuconidae,  217. 

Leucous.  222. 

Leucortis,  222. 

Leucosolenia,  217,  222. 

Leuculmis,  222. 

Leucyssa,  222. 

Levantine  sponges,  221. 

Libellula,  541,  562. 

Libellula,  Development 
of,  545. 

Libellula.  Rectal  respi- 
ration of.  72. 

Lice.  568. 

Lice-flies.  575. 

Ligia,  459,  460. 

Ligula,  338. 


Ligulidai,  328. 
Linicnitis,  585. 
Limexyloa,  589. 
Limicolaj,  385. 
Liranobates,  572. 
Limuobiidie,  578. 
Limnocharcs,  495. 
LimnodriluH,  385. 
Limnoiia,  455,  460. 
Limulus,  483. 
Lina,  588. 
Linckia,  292,  293. 
Lineus,  343. 
Linguatulida,  487. 
Linnaeus,  134. 
Liotheum,  568. 
Liparis,  583. 
Liriope,  242. 
Lithistidaj,  220. 
Litholnus,  520. 
Lithodes,  478. 
Lithotrya,  444. 
Liver,  59. 

Liver  Fluke,  317,  322. 
Livia,  570. 
Lobophora,  258,  297. 
Lobosa.  185. 
Lobster,  477. 
Locusta,  558. 
Longhorns.  577. 
Longicornia,  588. 
Loopei'S,  582. 
Lophogaster,  475. 
Lophoseris,  232. 
Loricata,  477. 
Loven's  larva,  308,  362. 
Lucanus,  589. 
Lucernaria,  258.  ' 
Luidia,  275,  293. 
Lumljriculus,  385. 
Lumbricus,  385. 
Lungs,  69. 

Lungs,  EfEect  of  ap- 
pearance of,  on  vascu- 
lar system,  65. 

LycfenidiB,  585. 

Lycaretus,  374. 

Lycoridse.  379. 

Lycosa,  504. 

Lyda,  594. 

Lyell,  144. 

Lyell's  doctrine  of  gra- 
dual changes,  166. 

Lygaius,  572. 

Lymnajus,  Pulmonary 
cavity  of.  72. 

Lymph,  67. 

Lymphatic  system,  67. 
Lysianassa,  451.  455. 
Lysidice.  379. 
Lystra,  571. 


INDEX. 


609 


Lytta,  589. 

Machilis,  554. 
Macrobiotiis,  497. 
Macroglossa,  584. 
Macrostomum,  312. 
Macrura,  477. 
Macula  acustica,  85. 
Madrepora,  233. 
Madreporaria,  228,  232. 
Madrepores,  229. 
Madi-eporic  plate,  273. 
Madreporidse,  233. 
Mseandrina,  232. 
Mfeandrinidpe,  229. 
Maggot,  549. 
Magpiemoth,  583. 
Maja,  478. 
Malachius,  589. 
Malacobdella,  342,  343. 
MalacodeiTaata,  589. 
Malacostraca,  447. 
Mallophaga,  568. 
Malpighi,  133. 
Malpighian  body,  76. 
Malpighian  tubes.  Arth- 

ropoda,  409. 
Malpighian  tubules,  75. 
Mammalia,  Vascular 

system  of,  67. 
Man,  First  traces  of,  178 
Mandibles  of  Crustacea, 

412. 
Manna,  569. 
Mantis,  527,  557. 
Mantispa,  564. 
Manubrium,  211. 
Marginal    laodies,  234, 

239,  254. 
Marine  Fauna,  162. 
MaiTow,  41. 
Marsupialida,  258. 
Marsupialis,  252. 
Mask,  562. 

Masticatory  organs,  56. 
Maxilla  of  Crustacea, 

413. 
May  Flies,  661. 
Meal-worm,  589. 
Meckelia,  343. 
Medusa  aurita,  261. 
Medusffi,  236. 
Medusa,  Eelation  of  to 

Polyp,  236. 
Medusa  type,  211. 
Medusites  circularis,256. 
Medu.soids,  211. 
Megachile,  598. 
Megalonyx,  170. 
Megalotrocha,  401. 
Megatherium,  170,  173. 


Melicerta,  404. 
Melipona,  599. 
Melitsea,  585. 
Melithasa,  231. 
Meloe,  589 
Melolontha,  590. 
Melophagus,  575. 
Membracis,  571. 
Membranacei,  572. 
Membranous  labyrinth, 
85. 

Menopou,  568. 
Mentum,  524. 
Mermis,  345,  356. 
Mermithidfe,  356. 
Meroblastic,  111. 
Meromyaria,  345. 
Merostomata,  479. 
Mesentei'ic  filaments. 
224. 

Mesoderm,  116,  213. 
Mesostomea,  3i3. 
Mesostomum,  313. 
Mesothorax,  525. 
Mesotrocha,  378. 
Metabolism,  10. 
Metachffita,  378. 
Metagenesis.    123.  180, 
131. 

Metamere,  27,  305. 

Metamorphosis,  126. 

Metamorphosis  retro- 
gressive, 158. 

Metanauplius,  432. 

Metathorax,  525. 

Metazoa,  54. 

Metoecus,  589. 

Miastor,  578. 

Miastor,  Pfedogenesis  of. 
544. 

Micrococcus,  206. 
Microgaster,  595. 
Microlepidoptera,  582. 
Micrommata,  504. 
Microstomea,  312. 
Microstomidffi,  309. 
Microstomum,  314. 
Microtffinia,  336. 
Micrura,  343. 
Midgut,  56. 
Migi-ation,  74. 
Miliola,  187. 
Millepora,  241. 
Milleporidfe,  233. 
Milnesium,  497, 
Mimicry,  155. 
Miris,  572. 
Mites,  489. 
Mole  cricket,  558. 
Molpadia,  299. 
Mouadinse,  193. 


Mouads,  194. 
Monas,  194,  206. 
Monera,  182. 
Mongrels,   Sterility  of, 
143. 

Monocaulus,  240. 

Monocelis,311,  313. 

Monocystidea,  208. 

Monocystis,  208. 

Monogenous  reproduc- 
tion, 97. 

Monogonopora,  315. 

Monophyes,  250. 

Monostomum,  317.  321. 

Monothalamia,  186, 

Morphology,  52. 

Morphology,  Evidence 
of,  for  descent  theory 
151. 

Mososaurus,  175. 
Mucous  connective  tis- 
sue, 37. 
Miilleriau  duct,  101. 
Mundhorn-fiiege,  576. 
Musca,  576. 
Muscardine,  584. 
Muscaria,  575. 
Musciformes,  577. 
Muscle-epithelium.  43. 
Muscular  tissue,  43. 
Mushroom  coral,  232. 
Mutilla,  596. 
Mycetophila,  578. 
Mygale,  504. 
MygalidfB,  499,  504. 
Mylodon,  173. ' 
Myoblast,  43. 
Myriapoda,  514. 
Myrmecia,  504. 
Myrmecophila,  /  96. 
Myrmedonia,  590. 
Myrmeleon,  564. 
Myrmica,  596. 
Mysis,  474. 

Mysis.   Auditory  organ 

of,  414. 
Mystacides,  565. 
Myxospongia,  221. 
Myxospongife,  220. 
Myzostoma,  380. 

Nadina,  313. 
Naidese,  385. 
Nail,  34. 
Nais,  386. 

Natural  selection,  145. 
Natural  system,  160. 
Naucoris,  527,  572. 
Nauplius,  406,  415. 
Nausithoe,  260,  261. 
Nausithoci.  Eve  of,  255. 
39 
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Nautilus.  Eye  of,  90. 

Nebalia,  US. 

Nocrophorus,  5i)0. 

Nectocalyces,  24(). 

Nomatlielniinthcs,  M;\, 

Nematocalyccs,  242. 

Nematocysts,  212. 

Nematus,  548,  594. 

Nemertes,  342,  343. 

Nemertiui,  339. 

Ncmocera,  577. 

Nemoptera,  564. 

Nemura,  5(51. 

Ncpa,  527,  534,  572. 

Nephelis,  400. 

Nephridia,  308. 

Nephrops,  477. 

Nereilepas,  379. 

Nereis,  379. 

Nerve  fibre,  46. 

Nerve  tissue,  45.. 

Nervous  system,  Grada- 
tions of,  80. 

Nervures,  528. 

Neuromuscular  cells,  80. 

Neuropodia  of  Annelids, 
365. 

Neuroptera,  562. 
Niphargas.  455, 
Noctiluca,  196. 
Noctuiformes,  578. 
Noctuiua  583. 
Nomada,  597. 
Nonionina,  184. 
Notodelpliys,  435. 
Notodonta,  584. 
Notodromus,  428. 
Notommata,  401,  404. 
Notonecta,  672. 
Notopoda.  478. 
Notopodia  of  Annelids, 

365. 
Notum,  525 
Nuclear  fluid,  29. 
Nuclearia,  194. 
Nuclear  plate,  30. 
Nuclear  substance,  29. 
Nucleolus,  29. 
Nucleus,  12,  13,  29. 
Nucleus,  Division  of,  30. 
Nummulina.  187. 
Nutritive  polyp,  236. 
Nut-weevil,  588. 
Nycteribia,  575 
Nymphaliadae,  585. 
Nymphula,  582. 

Obelia,  242. 
Obisium,  511. 
Oceanidaj,  234. 
Occllata,  289,  241. 


Ochi'a(!ca,  195. 
Octac.tinia,  230,  231. 
Octobotiuium,  324. 
Octorchis,  242. 
Oculai'  plates,  278. 
Oculinfi,  232. 
Oculiuidie,  229. 
Ocypoda,  478. 
Odontolcie,  176. 
Odontornithcs,  175 
Odontosyllis,  379. 
Odynerus,  597. 
fficodoma,  596. 
(Edemera,  588. 
CEdipoda,  558. 
(Ei-stedtia,  340. 
ffisophagus  of  Anthozoa, 
60. 

OEstridEe,  542,  576. 
ffistropsidte,  564. 
Oken,  137. 
Oleuus,  484. 
Olfactory  organs,  91. 
Oligoch^ta,  382. 
Olynthus,  217. 
Omalium,  590. 
Onchocotyle,  324. 
Oniscus,  460. 
OntopMlus,  590. 
Oiiychophora,  512. 
Oostegites  of  Arthros- 

traca,  451. 
Opalinfe,  204. 
Operculata,  446. 
Ophiactis,  292. 
Ophidiaster,  273,  293. 
Ophioderma,  294. 
Opliioglypha,  294. 
Ophioiepis,  294. 
Ophiou,  595. 
OpWothrix,  294. 
Ophiura,  294. 
Ophiuridse,  273,  275.  279. 
Ophiuridea,  291,  293. 
Ophiusidve,  583. 
Opisthomam,  313. 
Oral  pole  of  Kchinoder- 

mata,  268. 
Orbitehe,  505. 
Orbulina,  187. 
Orchestia,  455. 
Ordeusbander,  583. 
Organ,  25. 
Organ  coral,  231. 
Oribatcs,  495. 
Orohippus,  172. 
Orthoptera,  554. 
Ortho.sia,  583. 
Oryctes,  590. 
Orygia,  583. 
Osculum.  210. 


Osnua,  598. 
Osmylus,  564. 
Osteoblasts,  42. 
OKtracoda,  423. 
Otiou,  445. 
Otolith,  85,  239. 
Otolith  plate  of  Cteno- 

phora,  264. 
Ovary,  97. 
Ovipositors,  529. 
Ovum,  3.3,  97. 
Ovum,  fertilization  of 

109. 

Oxyceplialus,  456. 
Oxyrhyncha,  478. 
Oxystomata,  478. 
Oxytricha,  205. 
Oxyuris,  344,  848,  351. 

Paedogenesis,  128 

Pagurus,  478. 

Painted  Lady,  585. 

PaliBaster,  292. 

Paliemon,  220,  477. 

Palaeocarabus,  469. 

Palseocrangon,  469. 

Palaeontology,  Evidence 
in  favour  of  descent 
theory,  163 

Palese  of  Annelids,  368 

Palingenia,  562. 

Palinurus,  477. 

Pali  of  Actinozoa,  228 

Pallas  on  domestic  hy- 
brids, 143 

Palp,  413,  523. 

Palpares,  564. 

Palpicornia,  590. 

Palps  of  Chffitopoda,  369. 

Pandora,  266. 

PanorpidfE,  563. 

Papilio,  585. 

Paraglossa,  524. 

Paramseccium,  205. 

Paramere,  27. 

Paranucleus.  201. 

Parapodia,  305,  365. 

Parasita,  435. 

Parasitica,  567 

Parthenogenesis.  105. 
410,  543. 

Parthenogenesis  of  Phyl- 
lopoda,  418. 

Paste- worm,  357. 

Pauropus,  521. 

Peacock  butterfly,  585. 

Pectinaria,  382. 

Pedal  ganglion,  82. 

Pedata,  299. 

Podicellaria?,  271. 

Pediculu.s,  568,  589. 


INDEX. 


611 


Pedipalpi,  506. 
Pedipalpus,  4:84. 
PeclmicuLita,-  44  C. 
Pelagia,  236,  260,  261 
Pelodera,  357. 
Pelodytes,  346,  350. 
Peltocaris.  44S. 
Peltogaster,  447,  460 
Pelzfi-esser,  568. 
Pelzkiifer,  590. 
Pelzmotte,  582. 
Pemphigus,  570. 
Peuseus,  477. 
Penella,  436. 
Pennatula,  231. 
Pennatulidte  ,231. 
Pentacriiius,  289. 
Pentacta,  274. 
Pentamera,  589. 
PentastomidEe,  408. 
Pentastomum,  488. 
Pentatoma,  572. 
Pentatrematites,  289. 
Perforata,  181,  232. 
Perichondi'iuni,  39 
Peridinium,  196. 
Periosteum,  41. 
Peripatus,  514. 
Periplaneta,  557. 
Perischascliinidse,  295. 
Peritricha,  205. 
Perla,  561. 
PerlidfB,  561. 
Petalopus,  180: 
Phalangiida,  505. 
PhauerocarpEe,  255. 
Phanero-codonic  gouo- 

phore,  236. 
Phascolosoma,  394, 
Phasma,  557. 
Philodina,  404. 
Philopterus,  568. 
Pholcus,  505. 
Phora,  576. 
Phoronis,  389. 
Phospliorcscciit  organs 

of  insect,  536. 
Phoxichilidium,  496. 
Phreoryctcs,  385. 
Phrouima,  455. 
Phrosina,  455. 
Pkryganea,  565. 
Phryganida;,  564. 
Phrynus,  507. 
Phthirius,  568. 
Phyllacanthus,  296. 
Phyllium,  557! 
Phyllophoru.s,  278. 
Phyllopoda,  416. 
Phyllosomata.  471. 
Phylloxera,  570. 


Phylloxera,  Reproduc- 
tion of,  128. 
Phylogeny,  122.  • 
Physalia,  244,  249. 
Pliysematium,  194. 
Physometi-idte.  583. 
Physophora.  248,  249. 
Physophoridre,  244,  248. 
Physopoda,  559. 
Phytophaga,  594. 
Phytophthires,  568. 
Pieris,  585. 

Pigment  of  eye,  86,  88. 
Pilidium,  341. 
Pilzfliegen,  576. 
Pilzkafer,  588. 
Pilzmiicken,  578. 
Pimpla,  595. 
Pinnotheres,  478. 
Pinnule,  270,  288. 
Piophila,  576. 
Pirates,  572. 
Pisa,  478. 

Pisces,  vascular  system 
of,  64. 

Piscicola,  399. 

Planaria,  315. 

Plane,  median,  27  ;  sa- 
gittal, 27  ;  transverse, 
27. 

Planipenuia,  563. 
Plant-lice,  569. 
Plants  and  animals,  15 
Planula,  117.  124,  255. 
Plasmodium,  30. 
Platygaster,  594. 
Platygaster,  larvfe  of  ,549. 
Platyhelminthes,  309. 
PlatypezidfB,  576. 
Platyscelus,  456. 
Pleopods  of  Isopoda,  457. 
Pleuron,  483,  525. 
Pliny,  system  of,  132. 
Plotcres,  572. 
Plume-moths,  582. 
Plumularia,  237,  242. 
Plusiadee,  583. 
Pluteus,  281,  282,  292, 

294,  296. 
Pneumatocyst,  244. 
Pneumatophore,  214. 
Pncumora,  555. 
Podoccrus,  465. 
Podocoryne,  237,  241. 
Podophora,  296. 
Podophrya,  205. 
Podura,  554. 
Poikilothcrmic,  74. 
Poison  glands,  532. 
Polar  areas  of  Oteno- 

phora,  264. 


Polar  body,  104. 
Polian  vesicles,  272. 
Polistes,  566,  597. 
Pollicipes,  445. 
Polyactinia,  225, 
Polybostrichus,  372,379. 
Polycelis,  311,  315. 
Polychfeta,  374. 
Polycirrus,  378. 
Polycladus,  311. 
Polycystidea,  208. 
Polycystiuidce,  190. 
Polycyttaria,  196. 
Polydesmus,  521. 
Polydora,  382. 
Polygastrica,  192. 
Polygordius,  376. 
Polymorphina,  180. 
Polymorphism,  23,  126. 
Polymorphism,  Facts  of, 

in  favour  of  Theory 

of  Descent,  162. 
Polymorphism  of  social 

insects,  155. 
Polymyaria,  345. 
Polynoe,  379. 
Polyommatidas,  585. 
Polyophthalmus,  372. 
Polyparia,  227. 
Polyphemus,  422. 
Polypoid,  211. 
PolypomedusEe,  233. 
Polyp  type,  210. 
Polystomea,  317, 318,322 
Polystomella,  187. 
Polystomum,  323,  324. 
Polythalamia,  186. 
Polyxenus,  521. 
Polyzonium,  515,  521. 
Pompilus,  597. 
Pontobdella,  400. 
Pontonia,  477. 
Porcellana,  460,  478. 
Porcellio,  457,  460. 
Porifera,  214. 
Porpita,  250. 
Portunus,  478. 
Postabdomen  of  Arthro- 

poda,  407. 
Postscutelliun,  526,  591. 
Pou  de  poissons,  438. 
Prachtkafer,  589. 
Praaabdomen  of  Arthro- 

poda,  407. 
Prasstomium  of  Chfeti- 

fera,  387. 
Praniza,  459. 
Prawns,  477. 
Praying  insect,  557. 
Priapulus,  394. 
Primitive  streak,  115. 
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Prioiius,  588. 
I'rocrustcs,  590. 
Proglottis  of  cestoda,S26. 
rroloK,  549. 
Pronucleus,  109. 
Prosoponiscus,  451. 
Prosorocliraus,  340,  341. 
Prostate,  99. 
Prostomum,311, 312,314. 
Protaster,  292. 
Proterosaurus,  177. 
Prothorax,  525. 
Protodrilus,  3(55,  375. 
Protolepas,  44G. 
Protoi)lasm,  12. 
Prototracheata,  512. 
Protozoa,  182. 
Protula,  372,  382. 
Proventriculus,  530. 
Pselaphus,  590. 
Pseudonavicellse,  208. 
Pseudophyllidffi,  338. 
Pseudopodia,  54.  186. 
Pseudopupa,  593. 
Pseudoscorpionidea,  510. 
Pseudospora,  194. 
Pseudotetramera,  588. 
Pseudova,  514. 
Pseudo  varies  of  Aphides, 

106. 
Psocus,  559. 
Psolus,  299. 
Psorosperms,  208. 
Psyche,  543,  584. 
Ps^'chidte,  581. 
Psychoda,  578. 
Psylla,  570. 
Psyllida;,  570. 
Psyllodes,  570. 
Pteraster  militai'is,  284. 
Pterodactylidas,  175. 
Pteromalus,  594. 
Pteronarcys,  561. 
Pterophorus,  582. 
Pteroptus,  495. 
Pterygotus,  480. 
Ptinus,'589. 
Ptycho]>tera,  578. 
Pulex,  579. 
Pupa,  548. 

Pupa  coarctata,  551,  574. 
Pupa  libera,  551. 
Pupa  obtecta,  551,  574, 
575. 

Pupa  of  Cirrpcdia,  443. 
Pupil,  88. 

Pupipara,  542,  575. 
Purple,  visual,  87. 
Pygidium,  484. 
Pygidium  of  Ooleoptera, 
586. 


Pygnogonida,  495. 
PygocephaluH,  4(59. 
Pyralis,  582. 
Pyrophorus,  589. 
Pyrrhocoris,  572. 

Quadrilatera,  478. 

Radial  vessels,  272. 
Radiata,  206. 
Radii  of  Echinodermata, 
267. 

Radiolaria,  189. 
Radius,  528. 
Rami  communicantes, 
82. 

Ranatra,  534,  572. 

Randwanzen,  572. 

Rapacia,  379. 

Raphidia,  563. 

Raubfliegen,  576. 

Ray,  134. 

Reaumur,  133. 

Receptaculum  seminis, 
99. 

Redi,  133. 

Redia,  129,  319. 

Reduvidie,  572. 

Regeubremse,  577. 

Renilla,  231. 

Reptiles,  Vascular  sys- 
tem of,  66. 

Respiration,  Renewal  of 
external  medium,  72. 

Respiratory  organs,  67. 

Respiratory  trees,  277. 

Reticular  connective 
tissue,  38. 

Reticularia,  186. 

Retina,  87. 

Retinacula  of  Acautho- 

cephala,  359. 
Retinulae,  88. 
Rhabditis,  344,  349,  357, 
Rhabdocoela,  311,  313. 
Rhabdonema,  346,  350. 
Rhabdosoma,  455. 
Rhachis,  483. 
Rhipidius,  589. 
Rhipidogorgia,  231. 
Rhipiphorus,  589. 
Rhizocephala,  446. 
Rhizocriuus,  289. 
Rhizoglyphus,  492. 
Rhizopoda,  181. 
Rhizostoma,  261. 
RhizostomciU,  261. 
RhizostomidiB,  252. 
Rhizotrogus,  590. 
Rhoditcs,  594. 
Rhopalocera,  582,  584. 


Rliopalonema,  242. 
Rliyiicophilii,  565. 
Rliynclioccela,  339. 
Rhynchodesmus,  315, 
316. 

Rhynchota,  566. 
Rhyncobdellidae,  399. 
Ribs,  628. 
Rinderbrcmse,  577. 
Root-lice,  127. 
Rbsel  von  Rosenhof,  133. 
Rosette  of  Echinoidea, 
296. 

Rostellum  of  Ccstoda, 

327. 
Rotalia,  187. 
Rotatoria,  400. 
Rotifer,  404. 
Rotifera,  400. 
Rotula,  297. 

Roux,  Breeding  experi- 
ments, 142. 

Riickenschwimmer,  572. 

Rudimentary  organs, 
Meaning  of,  156. 

Rugosa,  230. 

RUtimeyer,  on  origin  of 
ox,  143. 

Sabella,  382. 
Sabellaria,  382. 
Sac-bearers,  582. 
Saccharomyces,  206. 
Saccocirrus,  381. 
Sacconereis,  372,  379. 
Sacculina,  447. 
Sasnurus,  385. 
Sagartia,  225. 
Sagitta,  357. 
Sagittal  plane  of  Cteno- 

phora,  262. 
Salivary  gland,  58. 
Salpingoeca,  196. 
Saltatoria,  557. 
Salticus,  504. 
Saltigradae,  504. 
Sapphirina,  436. 
Sarcode,  19,  22. 
Sarcolemma,  45. 
Sarcophaga,  576. 
Sarco psylla,  579. 
Sarcoptid«,  492. 
Sargus,  577. 
Sarsia  prolifera,  239. 
Saturnia,  584. 
Satyrus,  585. 
Saw-flics,  594. 
ScalpcUum,  445. 
Scaphognathite  of  Dcca- 

poda,  476. 
Scatophaga,  576. 
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Sccuopius,  576. 
Schaeffcr,  133. 
Schattenmiicke,  578. 
Schclling,  137. 
Scliilcllause,  568. 
Schildwanzeu,  572. 
Schistoceplialus,  838. 
Schizaster,  297. 
Schizomycetes,  206. 
Schizoneura,  570. 
Schizopoda,  472. 
Schizoprora,   311,  313, 
3U. 

Schizostomum,  312. 
Schaabelfliegen,  563. 
Schnaken,  578. 
Sclinepfenfliegen,  577. 
Schi'eitvvanzen,  572. 
Schwarmer,  58i. 
Schvvebfliegen,  576. 
Sciara,  578. 
8ciophila,  578. 
Sclater    on  Zoological 

Provinces,  160. 
Sclerodermites,  231. 
Sclerostomum,  350,  352. 
Sclerotic,  88. 
Scolex,  333. 
Scolia,  596. 
Scolopendi'a,  519. 
Scopula,  582. 
Scorpion,  510. 
Scorpionidea,  508. 
Scorpion-spiders,  506. 
Scuta  of  CuTipedia,  439. 
Scutellidse,  297. 
Scutellum,  526. 
Scutigera,  518,  520. 
Scyllarus,  477. 
Scyphistoma,   125,  233 

255. 

Scyphomedusae,  231, 236, 
250. 

Sea  feathers,  231. 

Sea  long-worm,  343. 

Sea-urchins.  294 ;  Regu- 
lar, 296. 

Sebaceous  glands,  77. 

Secretory  organs,  74. 

Sedentaria,  380. 

Sedimentary  forma- 
tions : — 

Conditions  of  forma- 
tion of,  166,  169. 
Determination  of  age 

of,  164. 
Table  of,  165. 
Segment,  27. 
Segmental  organs,75,308. 
Segmenta.tion  cavity, 
116. 


Segmentation  of  ovum,  i 
110.  I 
Selection,  Artificial,  145.  j 
Selection,  Sexual,  152. 
Semseostomese,  260. 
Semen,  97. 

Semitte  of  Echinoidea  , 
296. 

Sense  organs,  83. 
Septa  of  Actinozoa,  228. 
Sergestes,  477. 
Sericteria,  532. 
Serolis,  460. 
Serpula,  382. 
Sertularia,  242. 
Sesia,  684. 
Sex, 104. 

Sexual  reproduction,  97. 
Sexual  selection,  152. 
Sheeptick,  575. 
Shell  glands,  75. 
Shell  glands,  Crustacea, 

410. 
Sialis,  563. 
Sida,  422. 
Silkworm,  584. 
Silpha,  690. 
Simonea,  492. 
Simple  eye,  89. 
Simulia,  577. 
Singcicaden,  571. 
Singmiicke,  578. 
Siphonophora,  236,  243. 
Siphonostomata,,  435. 
Sipuuculoidea,  392. 
Sipunculus,  394. 
Sirex,  594. 
Siriella,  474. 
Sitaris,  589. 
Skeleton,  78. 
Smellers    of  Tanaidge, 

459. 

Smerinthus,  584. 
Smynthurus,  554. 
Solaster,  293. 
Solenobia,  543,  581,  582. 
Solifugse,  511. 
Solpuga,  512. 
Spanish  fly,  589. 
Spatangidae,    296,  279, 
295. 

Spatangidea,  273.  297. 

Spatangus,  297. 

Species,  140. 

Species  : — Cuvier's  defi- 
nition of,  149 ;  Muta- 
bility of,  144  ;  Origin 
of,  144,  149. 

Species,  Relation  of  to 
genera,  149. 

Speckkafer,  590. 


Sperm,  97. 
Spermatophores,  99. 
Spermatozoon,  33,  97. 
Sphseridia,  272. 
Sphierodorum,  372,  379. 
Sphseroma,  460. 
Sphseronectes  250. 
Sphjeronites,  289. 
Sphaerophyra,  205. 
Sph^rotherium,  521. 
Sphserozoum,  191. 
Sphferularia,  356. 
Sphex,  562,  596. 
Sphingina,  584. 
Sphinx,  584. 
Sphyrocephalus,  311. 
Spicula    of  Nematoda, 

347. 
Spiders,  498. 
Spindle-tree  moth,  382. 
Spinning  glands,  532. 
Spinning  mite,  495. 
Spio,  382. 
Spiodese,  381. 
Spio-Nephthys  larva, 

378. 
SpionidEe,  381. 

Spii'alzooids,  241. 
Spirillum,  206. 

Spirochseta,  206. 

Spirographis,  382. 

Spiroptera,  348. 

Spirorbis,  372,  382. 

Spirostomum,  205. 

Sponges  calcareous,  222  ; 
glassy,  221;  gelatin- 
ous, 221;  horny,  222  ; 
levantine,  221. 

Sponge  type,  210. 

Spongia,  221. 

SpongiadfB,  221. 

Spongiaria,  214. 

Spongilla,  218,  221. 

Spontaneous  generation, 
10. 

Spores,  97. 

Spores  128  ;  of  Trema- 
toda,  129. 

Sporocyst,  129,  319. 

Spring-flies  564. 

Springkiifer,  589. 

Spring-tails,  554. 

Spumella,  195. 

Squama,  572. 

Squilla,  472. 

Stag-beetle,  589. 

Staphylinus,  590. 

Star  coral,  232. 

Star-fishes,  290,  292. 
:  StauridEe,  230. 
'  Staurocephalus,  379. 
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Stechflicgc,  STC). 
StcUuridoa,  292. 
Stcinmata  Arthropoda, 
408. 

Bteiiorhynchus,  478. 
Stentor,  205. 
Stcphaiiocei'os,  404. 
Stephanospliiera,  195. 
Sterile  polyp,  237. 
Sternum,  525. 
Stigmata,  71. 
Stilettfliegen,  576. 
Sting,  592. 
Stipes,  523. 
Stomatopoda,  470. 
Stomobrachium  mira- 

bile,  239. 
Stomoxys,  67G. 
Stone  canal,  272. 
Stratiomys,  577. 
Strepsiptera,  565. 
Stridulantia,  571. 
Strobila,  125,  255,  256. 
Strongylidse,  347. 
Strongylocentrotus,  296. 
Strongylus,  352. 
Struggle  for  existence, 

145. 

Stiitzkafer.  590. 

Stylaria,  386. 

StylasteridEe,  241. 

Stylochus,  316. 

Stylonychia.  205. 

Stylops,  566. 

Suberites,  229. 

Subgenital  pits  of  Dis- 
cophora,  260. 

Submentum,  524. 

Suboesophageal  gang- 
lion, 82. 

Sub-species,  141. 

Succession  of  similar 
types,  171. 

Suctoria,  205,  446. 

Summer  eggs  of  Pbyl- 
lopoda,  418. 

Summer  eggs  of  Roti- 
fera,  403. 

Summer  eggs  of  Turbel- 
laria,  313. 

Supra-oesophageal  gang- 
lion, 80. 

Swallow  tail,  585. 

Swammerdam,  133. 

Sweat  glands,  77. 

Sycaltis,  222. 

Sycandra,  222. 

Sycetta,  220. 

Sycilla,  222. 

Sycon,  221,  222. 

Sycoiiidse,  212,  217,  222. 


Sycortis,  222. 
Syculmis,  222. 
Sycyssa,  220. 
Syllis,  379. 
Syllis  prolifera,  372. 
Symbiotos,  492, 
Sympathetic,  82. 
Syuapta,  278,  283.  298, 
299. 

Synaptida;,  283. 
Syrphus,  676. 
System,  Meaning  of,  150. 
System  of  Aristotle,  132. 
„        Cuvier,  136. 
„       Linnaeus,  135. 

Pliny,  132. 
„        Present  day, 
138. 

Tabanidfe,  574,  576. 
Tabanus,  577. 
Tachina,  576. 
Tachinse,  541. 
Tactile  corpuscles,  47. 
Tajnia,  327,  330, 331, 335. 
TEenia  cucumerina,  329. 
Tseniadge,  334. 
Talitrus,  455. 
Tanais,  459. 
Tanystomata.  576. 
Tauzfliegen,  576. 
Tapetenmotte,  582. 
Tapeworm  326. 
Tarantula,  504. 
Tardigrada,  496. 
Tarsus,  527. 
Taste,  92. 
Tegenaria,  504. 
Tegmiua,  528. 
Tegulie,  591. 
Teleas,  594. 
Teleas,  larva  of,  549. 
Telephorus,  589. 
Telepsavus,  382. 
Telepsavus-  Chsetopterus 

larva,  378. 
Telolecithal,  112. 
Telotrocha,  378. 
Telson  of  thoracostraca 

461. 
Tenebrio,  589. 
Tenthredo,  594. 
Teratology,  51. 
Tercbella,  382. 
Terebra,  592. 
Terebrantia,  594. 
Terga  of  Cirripedia,  439. 
Termcs,  561. 
'I'ermites,  559. 
Terrico]a3,  386. 
'I'csselata,  289. 


Testis,  97. 
'i'ctracoralla,  230. 
'J'etranychus,  495. 
Tctraphyllidic,  338. 
Tetraplasta,  194. 
Tetrapneumones,  504. 
TetrarhynchuB,  327,  338. 
Tetrastemma,  341,  342. 
Tettigonia,  571. 
Tettix,  558 
Textularia,  187. 
Thalamophora,  186. 
Thalassema,  392. 
Thalassicolla,  190. 
Thalassiua,  477. 
Thamnocnidia,  241. 
Theca  of  Actinozoa,228. 
Thecla,  585. 
Thecodontidae,  175. 
Thelyphonus,  508. 
Thereva,  576. 
Theridium,  502.  505. 
Theriodonta,  175. 
Thomisus,  504. 
Thoracostraca,  460. 
Thread  cells,  212. 
Threadworms,  344. 
Thrips,  559. 
Thysanopoda,  475. 
Thysanozoou,  316. 
Thysanura,  563. 
Tibia,  526. 
Ticks,  493. 
Tiger-beetles,  590. 
Tillodontia,  173. 
Tillotherium,  173. 
Tima,  242. 
Tinea,  582. 
Tipula,  578. 
Tipularite,  577. 
Tissue,  29. 
Todtengriiber,  590. 
Tomopteris.  380. 
Tornaria,  300. 
Tortoiseshell  butterflv, 

585. 
Tortrix,  582. 
Touch,  84. 
Toxodon,  170. 
Toxodontia,  173. 
Toxopneustes,  296. 
Trachese,  70,  410. 
Trachelius,  204. 
TrachymedusiB.  239, 242. 
Trachynema,  239,  242. 
Trachys,  589. 
Transverse     plane  of 

Ctenophora,  262. 
Trap-door  spider,  504. 
Trematoda.  316. 
Trcpang,  299. 


Triicnophoms,  338. 
Trichina,  347,  348,  353, 

354,  355. 
Trichocephalu-s,  348,  353. 
Trichodectes,  33(5,  508. 
Trichodes,  589,  599. 
Trichodina,  205. 
Trichomonas,  194. 
Trichoptera,  564. 
Trichosomum,  353. 
Trichotrachelidfe,  353. 
Trigonia,  599. 
Trilobita,  483. 
Tripbfena,  583. 
Tristomum  coccineum, 

323 

Trivium,  269. 
Trochal  disc  of  Rotifers, 
401. 

Trochanter,  526. 
Troctes,  559. 
Trogus,  595. 
Trombidium,  495. 
Trypeta,  576. 
Tube-spinner.s,  504 
Tubicinella,  446. 
Tubicola3,  380. 
Tabicolaria,  401,  404. 
Tubifex,  385. 
Tubipora,  231. 
Tubitelffi,  504. 
Tabularia,  239.  241. 
Tnbulariag,  241. 
Turbellaria,  309. 
Turbinolia,  232. 
TyLenchus.  357. 
Type,  52.  ' 
Type  of  Desor,  341. 
Typhis,  456. 

Typhlosole  of  Lumbri- 

cus,  383. 
Tyroglyphus,  492. 
Umbellula,  231. 
Opper  lip  of  Orustacca, 

412. 
Uroccridfe,  594. 
Uropoda  of  Crevettina, 

454. 

Uterine  bell  of  Acantho- 
cephala,  361. 


INDEX. 

Uterus,  99. 

Vagina,  99. 

Vampyrella,  194, 

Vanessa,  553,  585. 

Variability,  i45. 

Varieties,  141. 

Variety,  Relation  of  to 
species,  149, 

Vascalar  pore  of  Nema- 
toda,  346. 

Vascular  system,  59, 

Vas  deferens,  99. 

Vein,  62. 

Veins,  528. 

Velarium,  252. 

Velarium  of  Scypho- 
medusae,  252. 

Velella,  246,  250. 

Velellidaa,  244. 

Velia,  572. 

Venous,  73. 

Ventral  plate,  545. 

VentriculitidfE,  221. 

Veretillum,  231. 

Vermes,  302. 

Vesiculie.  seminales,  99, 

Vesiculata,  239,  241, 

Vespa,  597, 

Vexillum,  266. 

Vibrio,  206, 

Vine-lice,  570, 

Vinegar  worm,  357, 

Visceral  nerves,  82. 

Vitellarium  of  Turbel- 
laria, 312, 

Vocal  organs,  552, 

Vol  vox,  195', 

Vortex,'  313. 

Vortex  viridis,  310. 

Vorticella,  205. 

WaScnfliegen.  577. 
Wallace,  147.' 
Warm-blooded,  74. 
Wasps,  597. 
Wasserlaufer,  572. 
Water-bugs,  571. 
Water-fleas,  419. 
Watermitcs,  495. 
Water-scorpions,  572. 
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Water-spiders,  504. 
Water-vascular  system, 

308,  311. 
Water-vascular  vessels 

of  Plutyhelminthes  75. 
Wax  glands,  532. 
Weevils,  588. 
Weizeniliege,  576. 
White  ants,  559. 
White  butterflies,  585. 
White  coral,  232. 
Wickler,  582. 
Wings,  528. 
Winkelspinne,  504. 
Winter  eggs  of  Rotifera, 
■  403. 

Winter  eggs  of  Turbel- 
laria, 313. 
Winter-sleep,  74. 
Wolf-spider,  504. 
Wood-bees,  598. 
Wood-v?asps,  594. 
Worm,  Paste,  357. 
Worm,  Vinegar,  357. 
Wotton,  133. 

Xantho,  478. 
Xenos,  566. 
Xiphosura,  480. 
Xylocopa,  598. 
Xylophaga,  589. 
Xylophagus,  577. 
Xylotom'as,  576. 

Yolk,  111. 
Yolk-cord,  543. 
Yolk,  Effect  of,  on  de- 
velopment, 120. 
Yponomenta,  582. 

Zerene,  583. 
Zoaja,  466. 
Zoantharia,  231. 
Zoauthus,  232. 
Zoogloca,  200. 
Zoological  proYinces,160. 
Zoophytes,  2U9. 
Zoosperras,  209. 
Zoospores,  194,  197. 
Zoothammium.  205'. 
Zlinsler,  582. 
ZygEena,  584. 
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SPEGIA.L  PAET: 
MOLLUSC  A  TO  MAN. 


CHAPTER  I. 


MOLLUSCA/ 


Bilaterally  sy  immrical  unsegmented  animals,  without  a  locomotory 
skeleton;  loith  a  ventral  foot  and  usually  a  calcareous  univalve  or 
bivalve  shell ;  tvith  brain  {su2)racesophageal  ganglia),  circuvKXSojyhageal 
ring,  and  subxsojjJiageal  grouj)  of  ganglia. 

Since  Cuvier  several  different  groups  of  animals,  which  were  placed 
amongst  the  worms  by  Linnaeus,  hare 
been  included  in  the  Mollusca.  Of  late 
years,  however,  the  anatomy  and  de- 
velopment of  these  forms  have  been 
more  closely  examined,  and  it  seems 
fairly  certain  that  some  of  them  are 
allied  to  the  Worms.  In  any  case,  the 
group  Mollusca  must  be  looked  upon 
as  of  more  Hmited  extent  than  has  for  Fig.  402.-Oidei-  i&i-Ya.  ot  a.  Gaderopod 

^.       ,  (after  Gegenbaui').    S,  SheU;  P, 

some  time  been  the  case.    Ihe  bivaived    foot;  t>/, velum ;  r, tentacles ;  Op, 

JBrachiojJoda,  which  in  structure  and    operculum  for  the  closure  of  the 

development  stand  in  closer  relationship     ^  ^    i  ^ 

to  the  Bryozoa,  may  be  removed  from  the  Mollusca  and  united  with 

the  latter  under  the  head  Molluscoidea.    The  Tunicata  also  must 

be  constituted  an  independent  group  between  the  Mollusca  and  the 

Vertebrata. 


*  G.  Olivier,  "  Memoires  pour  servir  a  I'liistou-e  ct  k  ranatomie  des  Mol- 
lusques."    Paris,  1817. 

E.  Leuckart,  "  Ueber  die  Morphologic  und  die  Yerwandscliaftsverlialtnisse 
der  wirbellosen  Thiere."    Brauiisclnveig,  1848. 

Huxley,  "  On  tlie  Morphology  of  the  Oephalous  Mollusca,  as  illustrated 
by  the  Anatomy  of  certain  He'tcropoda  and  Pteropoda,  etc."  Phil.  Trans.y 
1853. 
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MOLLUSCA, 


The  Mollusca  are  nnjointed,  unsegmented  animals,  witlionfc  jointed 
appendages.  The  body  Ib  covered  by  a  soft  slimy  skin.  Tbey  la.k 
both  an  nitevnal  and  external  loeomotoiy  skeleton,  and  appear  there- 
ore  especially  suited  for  life  in  water.  But  few  of  them  are 
terrestnal,  and  when  this  is  the  case  the  locomotion  is  always  limited 
and  slow ;  while  the  aquatic  forms,  in  correspondence  with  the  far 
more  favourable  conditions  for  locomotion  presented  l)y  water,  may 
be  endowed  witli  the  power  of  rapid  swimming. 

The  dermcd  musmlar  system  plays  an  important  part  in  the 
ocomotion  of  these  animals,  especially  that  part  of  it  placed  on  the 
lower,  ^.e.,  ventral,  surface  of  the  body.    In  this  region  it  is  greatly 
developed,  and  gives  rise  to  a  more  or  less  projecting  locomotory 
organ  of  very  various  shape,  the  foot  (figs.  492  and  493).  The 
foot  always  consists  of  an  unpaired  median  structure,  which  is  some- 
times divided  into  several 
parts   and  may  possess 
in  addition  lateral  paired 
portions,   the  epipodia. 
Above  the  foot  there  very 
generally  exists  on  the 
body    a    shield  -  shaped 
thickening  of  the  integu- 
ment, the  so-called  mantle, 
th^  edges  of  Avhich,  in 
more  advanced  develop- 
ment, grow  over  the  body 
as  a  fold  of  the  skin  and 
partially  or  completely  cover  it.    The  surface  of  this  fold  of  skin 
secretes  calcareous  and  pigmentary  substances,  and  gives  rise  to  the 
variously  shaped  and  coloured  shells  which  contain  and  protect  the 
soft  body.    In  addition  to  the  foot  and  mantle,  the  body  generally 
possesses  in  the  anterior  region,  on  either  side  of  the  mouth,  a  paii- 
of  lobe-like  appendages,  the  hiiccal  lobes,  which  are  the  remnants  of 
largely-developed  larval  structure,  known  as  the  velum. 
In  the  higher  Mollusca  {G ephaloiyliora)  the  anterior  part  of  the 
hody  bearing  the  buccal  lobes,  and  containing  the  central  parts  of 
the  nervous  system  and  the  sense  organs,  is  more  or  less  sharply 
marked  oif  as  a  head.     The  part  of  the  body  behind  the  head 
•constitutes  the  main  mass  of  the  animal.     Its  dorsal  portion  {the 
visceral  sac)  contains  the  viscera  and  is  frequently  spirally  twisted,  as 
&  result  of  Avhich  the  bilateral  symmetry  undei-goes  extei-nall y  a 


Fig.  493.— Larva  of  Termefns  (after  Lacaze-Dnthiers) 
S,  velum ;  Br,  gill ;  F,  tentacle  ;  P,  foot ;  Oc,  eye. 
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remarkable  disturbance.  The  visceral  sac  Biay,  however,  have  a 
flattened  or  cylindrical  form  and  retain  its  symmetry.  In  this 
group  (the  Cephalo2jliora)  the  shell  may  be  simply  plate-shaped  or 
spirally  wound,  or  remain  as  a  mere  flat  rudiment  hidden  under  the 
dorsal  integument.  In  one  group  of  the  Cephalophora,  viz.,  the 
Cephalopoda,  a  circle  of  arms  is  attached  to  the  head  around  the 
mouth  opening.  They  serve  both  for  swimming  and  creeping,  and 
for  the  capture  of  nourishment.  By  Lov^n  and  R.  Leuckart  they 
were  looked  upon  as  modifications  of  the  buccal  lobes ;  by  others, 
perhaps  with  greater  justice,  as  tentacles,  and  by  others  again  as 


Fig.  494 — Male  of  Cariimrici  mffZito-rnnfa  (after  Gegenbaur).  P,  Foot ;  S,  sucker;  0,  mouth  ; 
Bm,  buccal  mass  ;  M,  stomach ;  Sp,  salivary  gland ;  L,  Uver ;  A,  anus ;  CG,  cerebral 
ganglion  ;  Te,  tentacle;  Oc,  eye  ;  Of,  auditory  vesicle  ;  BQ,  buccal  ganglion  ;  Pg,  pedal 
gangUon;  Mg,  mantle  ganglion;  N,  kidney;  Br,  gill;^f,  auricle;  T>,  ventricle;  Ar, 
aorta ;  Z,  hinder  branch  of  the  same ;  T,  testis  ;  Vd,  vas  deferens  ;  Wji,  ciliated  furrow ; 
Pe,  penis ;  F,  flagellum  with  gland. 

modifications  of  the  foot.  A  perforated  funnel-shaped  cone,  through 
which  the  excretory  products  and  water  which  has  passed  over  the 
gills  is  expelled  from  the  large  mantle  cavity,  and  which  thus 
serves  at  the  same  time  as  a  swimming  organ,  probably  corresponds 
to  the  fused  folds  of  the  epipodia.  Amongst  the  Gastropoda  the 
head  is  provided  with  tentacles  and  buccal  lobes,  and  the  ventrally 
placed  foot  possesses  a  large  flat  plantar  surface  ;  more  rarely  it  has 
the  form  of  a  vertically  placed  fin  (Heteropoda,  fig.  494).  In  another 
group,  the  Laviellihranchiata  (Acephala),  there  is  no  independent 
head,  and  the  laterally  compressed  body  bears  two  large  lateral  mantle 
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lobei^,  au'li  of  which  secretes  a  sino^le  sliell;  the  two  valves  so  formed 
are  united  on  the  dorsal  surface  by  a  ligaineut. 

The  interiuil  organization  of  the  Mollusca  presents  as  many 
dittereuces  as  does  the  external  form.  Like  the  external  forui, 
the  internal  structure  also  fre(iuently  presents  surpiisiug  devia- 
tions from  the  bilateral  arrangement. 

The  nervous  system  ■■■  {tigs.  495,  496,  497)  consLsts  of  a  donal 
pair  of  ganglia  lying  on  the  u-sophagus  (only  exceptionally— 
tig.  495— dissolved  into  a  general  gnnglionic  investment  of  the  com- 
missure), the  cerebral  (/an/jlia  (figs. 
490,  497,  C(j),  from  which  pass  off 
the  sen.se  nerv^es  and  an  oesopha- 
geal ring,  composed  of  several 
fibrous  cords.  The  latter  primi- 
tively gives  off  two  paii's  of  nerve- 
trunks.  The  nerves  of  the  upper 
and  lateral  pair  are  the 
nerves  (fig.  495,  FaSt) ;  they 
supply  the  lateral  parts  of  the 
body  and  the  mantle.  The  nerves 
of  the  ventral  pair  are  placed 
nearer  the  middle  line,  and  are 
known  as  the  pedal  7ierves  (fig. 

495,  FeSt);  they  are  connected 
together  by  transverse  commissui'es 
(fig.  495)  and  innervate  the  muscles 
of  the  foot.  This  ai'rangement, 
found  in  the  simplest  form  in 
Chiton,  agrees  essentially  with 
that  of  the  Gephyrean-like  genus, 
Neomenia.  At  a  more  advanced 
stage,  two  lai'ge  swellings  are  found 
at  the  origm  of  the  pedal  nerves ; 
these  are  the  jiedal  ganylia  (figs. 

496,  497,  Pg).  In  addition,  a 
thu-d  group  of  ganglia,  kno"mi  as  the  visceral  ganglia,  is  also  foitnd. 
The  arrangement  of  the  latter  ganglia  is  very  vaiious  ;  they  are  some- 
times fused  with  the  cerebral,  sometimes  with  the  pedal  ganglia,  and 
are  sometimes  broken  up  into  several  groups  of  ganglia.  Thev 


Fig.  195.— Nervous  system  of  Cliiion  (after 
B.   Haller).   Si',  CBSoplia^eal  ring;  By, 
buccal   ganglion;    FcSl,  pedal 
FaSt,  pnllial  nerve  ;  Br,  gills. 


nerve ; 


are 


*  H,  V.  Jhering,  "  Yergleichende  Anatomie  des  Nerveasystems  unil  Phylogenio 
aer  Mollasken."    Lei[)7Ag,  1877. 


SENSE  ORGANS. 


13 


connected  with  the  cerebiul  ganglia  by  a  longer  or  shorter  connnissure, 
and  give  off  nerve  plexuses  to  the  heart,  gills,  and  generative  organs. 
This  third  pair  of  ganglia  is,  therefore,  regarded  as  the  equivalent 
of  the  sympathetic,  but  unjustly,  as  it  also  gives  off  nerves  to  the 
skin  and  muscles.  Small  ganglia  {buccal  ganglia),  lying  above  and 
below  the  buccal  mass  and  sending  off  nerves  to  the  oesophagus  and 
intestine,  may  moi-e  justly  be  regarded  as  sympathetic. 

Tactile  organs  are  present  in  the 
more  highly-developed  MoUusca,  as 
two  or  four  lobes  placed  near  the 
mouth,  the  above-mentioned  buccal 
lobes ;  in  addition  to  which,  tenta- 
cles round  the  edge  of  the  mantle 
are  often  found  in  the  Acephala, 
and  in  the  Cephalophora  two  or 
four  reti-actile  tentacles  on  the 
head.  The  eyes  have  almost  always 
a  complicated  structure,  and  are 
provided  with  lens,  iris,  choroid, 
and  retina.  There  are  usually 
two  of  them  on  the  head ;  in  rare  ^ 
cases — e.g.,  in  some  Lamellibranchs 
— they  are  moi'e  numerous,  and  are 
placed  on  the  edge  of  the  mantle. 
Auditory  organs  are  very  geneiully 
present.  They  have  the  form  of 
closed  otocysts,  pi-ovided  vdth  hairs 
on  their  internal  walls.  They  are 
usually  paired,  and  lie  either  on         •ioe.-Nervnus  system  of  the  ^^y.u\ 

^  '  miisselM»o(7(j«A0(fi'fterKeber).  0, mouth; 

the  cerebral  or  pedal  ganglia  (lig.     a,  amis;  K,  gills ;  P,  foot;  labial 

497,  Ot).     They  are,  however,  al-  'J^- cerebral  ganglion;  P^,  pedal 

'    _  '  J         ■>  5  gangbon;    V(j,  sjjlanclmic  garaglioii;  G, 

ways  innervated  from  the  former.        generative  gland  ;  Oe',  external  opening 

In  the  alimentary  canal,  three 
divisions,  at  least,  can  be  clearly 

distinguished — the  cesophagus,  the  stomach  and  intestine,  and  the 
hindgut  or  rectum.  Of  these  the  middle  or  digesting  division 
(stomach  and  intestine)  is  usually  characterized  by  the  possession 
of  a  very  extensive  liver.  Kidneys  are  always  present,  and  are 
frequently  paired  and  symmetrical  in  each  half  of  the  body.  Often, 
however— principally  when  the  body  is  asymmetrical — the  kidney 
of  one  side  is  smaller  {Patella,  Ilaliotu)  or  is  entirely  at>sent  {Gastro- 
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2)oda).     They  usually  have  the  form  of 
and   open   on  the  one  hand 
sinus),  and  on  the  other 


to 


sacs  with  a  wide  lumen, 
into  the  body  cavity  {jjericardial 
the  exterior  by  a  lateral  opening. 
In  all  probability  the  mol- 
luscan  kidney  is  homologous 
with  an  annelidan  segmental 
organ.  The  internal,  funnel- 
shaped  opening  is  frequently 
beset  with  cilia.  The  anus 
is  very  often  removed  from 
the  middle  line,  and  placed 
on  one  side  of  the  body. 

A  compact  heart  is  always 
present,  driving  the  blood 
through  the  vessels  into  the 
organs.  The  vascular  system 
is  never  completely  closed, 
for,  even  when  the  arteries 
and  veins  are  connected  by 
capillaries,  blood  sinuses,  de- 
rived from  the  body  cavity, 
are  inserted  into  the  course 
of  tlje  vessels.  The  heart  is 
always  arterial — i.e.,  systemic 
— and  receives  arterial  blood 
from  the  respiratory  organs. 

Respiration  is  in  all  cases 
carried  on  through  the 
general  outer  surface  of  the 
body ;  but  in  addition  special 
respii-atory  organs,  in  the 
form  of  hranchice,  more 
rarely  of  lungs,  are  present. 
The  branchiie  are  ciliated 
projections  of  the  body  sur- 

FiG.  m.  -  Nervous  system  of  Cas»idar\a  (after  ■,  usually  placed 

Haller).     Cg,    cerebral    ganglion;    Fg,   pedal   lace,  diiLi  j  r 

ganglion;  Pig,  pleural  ganglion;  Bg,  buccal  i^etween  the  mantle  and  tne 

ganglion;    G^p,  supraintestinal  ganglion ;  ffsi,  ,         ^  ^^^.^ 

subintestinal  ganglion;    l  ;/,  visceral  ganglion;   iuuu ,     u     j  j 

Of.otocyst.  form  of   branched  append- 

ages, or  of  broad  lamella.  {La.^elmranchiata).  The  ^1^^ ^ 
other  hand,  is  derived  from  the  mantle  cavity,  which  is  hlled  .ith 
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air,  and  the  inner  surface  of  which  is  thrown  into  a  number  of 
coniphcated  folds,  so  as  to  expose  a  large  surface  for  the  respiratory 
blood-vessels;  it  communicates  by  an  opening  with  the  external 
medium.  The  pulmonary  and  branchial  cavities  are,  therefore,  mor- 
phologically equivalent. 

Reprod action  is  always  sexual.  The  Uerma'phrodite  condition, 
on  the  whole,  preponderates;  nevertheless,  not  only  many  marine 
Gastropods,  but  also  most  Lamellibranchs  and  all  Cephalopods  are 
dioecious. 

Development  usually  begins  with  a  total  segmentation,  which  is 
followed  by  the  formation  of  a  blastoderm  surrounding  the  hinder 
part  of  the  yolk  or  the  whole  yolk.  The  just  hatched  young  often 
pass  through  a  complicated  metamorphosis,  and  possess  an  anterior 
cutaneous  expansion  bordered  with  cilia — the  vehmi — which  func- 
tions as  a  locomotoiy  organ.  In  form,  disposition  of  cilia  and 
organisation,  many  moUuscan  larvae  permit  of  a  closer  comparison 
with  Loven's  worm  larva. 

By  far  the  majority  of  the  MoUusca  are  aquatic  animals,  especially 
marine ;  only  a  few  live  on  land,  and  these  always  seek  damp^ 
localities.  When  we  consider  the  extraordinarily  wide  distribution 
of  the  Mollusca  in  past  times,  the  importance  of  their  fossil  remains, 
for  the  determination  of  the  age  of  the  sedimentary  formations 
becomes  intelligible. 

Class  L— LAMELLIBRANCHIATA.* 

Laterally  compressed  Mollusca  loitJiout  se2Mrated  head,  vnth  hilohed 
mantle  and  bivalve  shell,  com2JOsed  of  a  right  and  left  half  and 
connected  by  a  dor  sally  -placed  ligament  ;  toith  large  gill  plates  ;  sexes 
usually  separate. 

The  Lamellibranchs  were  formerly  united  with  the  Brachiopoda 
as  Conchifera.  Like  the  latter,  they  lack  a  differentiated  cephalic 
region,  and  possess  a  large  and  usually  bilobed  mantle  and  a 
bivalve  shell,    Nevertheless,  the  structural  differences  between  these 

*  6.  Cuvier,  "L'  histoire  et  ranatomie  des  MoUusques."    Paris,  1817.  , 

Bojanus,  "  Ueber  die  Athem-  und  Kreislaufswerkzenge  dcv  zweischaligen 
Muscheln."    Isis,  1817,  1820,  1827. 

S.  Loven,  K.  Vet.  Akad.  Handlgr.  Stockholm,  1848.  Translated  in  the 
ATch.fur  J^aturtiesch.,  1849. 

Lacaze-Duthie'rs,  Ann.  des  Sc.  Nat.,  1854—1861. 

H.  and  A.  Adams,  "  The  Genera  of  the  Eecent  Mollusca."  Loudon,  1853- 
1858. 

T .  Eeeve,    Conehologia  iconica."    London,  1846-1858. 
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two  gionps  are  so  essential,  tliat  a  close  connection  between  them 
cannot  be  maintained. 

The  usually  sti-ictly  symmetrical  body  is  laterally  compressed  and 
of  considerable  extent,  and  is  surrounded  by  two  latei-al  niantle 
lobes,  which  are  continuous  across  the  dorsjil  middle  line  and  secrete 
a  right  and  left  shell  valve.  To  the  sides  of  the  mouth  opening 
ai-e  found  two -pairs  of  leaf-  or  tentacle-like  buccal  lobes — the  labial 
palps.  On  tlie  ventral  surface  a  large,  usually  hatchet-shaped  foot 
(fig.  498,  F)  projects;  find  two  pairs,  i-arely  one  pair,  of  large 
lamellar  gills  are  always  placed  in  the  mantle  furrow  between  tlie 
mantle  and  foot  (tig.  498,  K). 


Fig  498 -Anatomy  of  Unio  pictorim  {aiter  C.  Grobben).  VS,  anterior  adductor  muscle; 
HS,  posterior  adductor  muscle;  MS,  labial  palp;  F,  foot;  Ht,  Mantle;  K,  branchia>  ; 
Cn,  cerebral  ganglion;  F/j,  pedal  ganglion;  Mg,  splanchnic  gangUon ;  O,  mouth; 
M,  stomach  ;  i,  liver ;  KrS,  crystalline  style ;  J>,  intestine  ;  Af.  anus ;  G,  generative 
organs  •  A,  region  of  mantle  lobes  bounding  the  exhalent  or  cloacal  orifice  ;  K  region 
of  ditto 'bounding  inhalent  or  branchial  orifice  ;  N,  kidney  ;  Vh,  auricle  ;  Hk,  ventricle ; 
VA,  anterior  aorta;  SA,  posterior  aorta;  P,  pericardial  gland  (schematic). 

The  hind  end  of  the  edges  of  each  mantle  lobe  almost  always 
presents  two  slight,  contiguous  excavations  (fig.  498,  A  and  iJ),  the 
ventral  of  which  is  bordered  by  numerous  papillse.  When  the 
two  halves  of  the  mantle  are  above  together,  these  excavations 
form  with  the  corresponding  structures  of  the  opposite  side,  two 
slit-like  openings,  placed  one  behind  the  other.  The  upper  oi- 
dorsal  of  these  two  openings  functions  as  the  cloacal,  or  exhalent 
opemn<-  •  the  lower  or  ventral  as  the  inhalent  opening.  Through 
the  latter,  with  a  slightly  gaping  shell,  the  water  is  driven  by 
the  peculiar  arrangement  and  actioa  of  the  cilia  on  the  inner 
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surface  of  the  mantle  and  the  gills  into  the  mantle  and  respira- 
toiy  chamber.    Food  materials  pass  with  the  water  to  the  labial 
palps,  and  so  to  the  mouth.    The  edges  of  the  mantle  lobes  do 
not  always  remain  free  through  their  whole  extent,  but  frequently 
fuse  together,  first  at  the  hind  end,  and  then  gradually  forwards. 
As  a  result   of  this   fusion,    a  posterior  opening,  including  in 
itself  the  inhalent  and  exhalent  orifices,  becomes  separated  from 
the  anterior  opening  into  the  mantle  cavity;  and,  further,  the 
exhalent  and    inhalent    openings    become  separated    from  each 
other  by  a  transverse  bridge  of  tissue.    The  long  anterior  opening 
or  foot-cleft,  in  consequence  of  the  progressive  fusion  of  the  mantle 
•edges,  often  becomes  gradually  so  shortened,  that  the  foot,  which 
is  correspondingly   reduced,  can 
scarcely  be  protruded.     In  this 
case,  the  mantle  comes  to  have 
the  form  of  a  saccular  investment 
with  two  openings.    The  further 
forward  the   fusion  of  the  two 
mantle  lobes  proceeds,  the  more 
marked  becomes  a  peculiar  elonga- 
tion of  the  posterior  mantle  region 
round  the  inhalent  and  exhalent 
openings — an  elongation  of  such  a 
nature  that  two  contractile  tubes, 
■or  siphons,  become  formed  (fig. 
499,  a).     The  latter  may  reach 
such  a  size  that  they  can  no  longer 
be  drawn  between  the  posterior 
■edges   of  the   gaping  valves  of 
the  shell.    The  two  siphons  often 
fuse  with  one  another;  but  the  two  canals,  with  their  openings 
surrounded  by  tentacles,  remain  separate.    In  the  most  extreme 
cases  the  siphons  are  enormously  enlarged,  and  the  posterior  region 
of  the  body  is  peculiarly  elongated  and  uncovered  by  the  rudimen- 
tary shell;  so  that  the  whole  animal  acquires  a  vermiform  appear- 
ance, the  shell-bearing  anterior  region  of  the  body  constituting  the 
head  {Teredo,  fig.  505). 

The  mantle  and  skin  consist  of  a  cellular,  slimy  epidermis,  beneath 
which  lies  a  connective  tissue,  richly  traversed  by  muscular  fibres. 
The  epidermis  on  the  outer  surface  of  the  mantle  consists  of  columnar 
cells ;  while  on  the  inner  surface  of  the  mantle  the  cells  composing 
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Fig.  499. — a,  Mactra  eUiptica,  animal  with 
shell ;  KIS,  cloacal  or  exhalent  siphon  ; 
SS,  branchial  or  inhalent  siphon  ;  P,  foot. 
h,  left  valve  of  M.  solida;  TM,  anterior 
adductor  muscle;  MH,  posterior  adductor 
muscle ;  Ml,  pallial  line  ;  Mb,  pallial 
indentation. 
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it  are  ciliated.  Pigments  are  present  principally  upon  the  edges  of 
the  mantle,  which  are  frequently  folded  or  Ijeset  by  papilla-  and 
tentacles. 

The  outer  surface  of  the  mantle  secietes  a  sti-ong  calcareous  shell, 
which  is  constituted  of  two  valves  corresponding  to  the  two  mantle 
lobes.  The  two  valves  are  united  dorsally.  They  ai-e  rarely  exactly 
alike.  Nevertheless,  the  term  unequivalve  is  only  applied  to  those 
shells  in  which  the  asymmetiy  is  veiy  marked,  and  the  valves  can  Ije 
distinguished  as  upper  and  lower.  The  lower  valve  Ls  the  larger  and 
moi-e  arched,  while  the  upper  is  smaller  and  flatter,  closing  up  the 
cavity  of  the  lower  after  the  manner  of  an  operculum.  The  edges  of 
the  two  valves  are  generally  closely  applied  to  one  another,  still  tliey 
may  gape  more  or  less  widely  at  vai-ious  points  for  the  exit  of  the  foot, 

byssus  and  siphons.  The 
latter-  is  especially  the 
case  for  those  Molluscs 
which  bore  in  sand, 
wood,  or  hard  rock.  In 
extreme  cases  the  shell 
may,  by  a  wide  anterior 
emargination  and  an 
extended  dockitig  of  its 
posteiior  pai-t,  be  re- 
duced to  an  annular  ru- 
diment {Teredo),  while 
to  its  hinder  end  Ls 
applied  a  calcareous  tube,  which  may  intimately  fuse  with  the  shell 
rudiments  and  receive  the  latter  entirely  into  itself  {AsiJenjillum). 

The  two  valves  of  the  shell  are  always  connected  dorsally  by  an 
external  or  internal  ligament,  which  tends  to  keep  the  valves  open. 
The  two  shell  valves  are  also  firmly  connected  together  dorsally  by 
interlocking  teeth,  which  constitute  the  so-called  hinge  {canlo). 
The  hinge  edge  with  the  ligament  is  therefore  to  be  distinguished 
from  the  free  edge  of  the  shell,  which  is  di^^ded  into  an  anterior^ 
inferior  (ventral),  and  posterior  or  siphonal  edge.  The  anterior 
and  posterior  edge  may  generally  be  easily  determined  by  the  position 
of  the  hinge-ligament  mth  regard  to  the  two  imnhones  {nates),  which 
have  the  form  of  two  prominencies  projecting  over  the  dorsal  edge, 
and  indicate  the  point  {apex)  where  the  development  of  the  valves 
began.  The  area  is  beliind  the  apex,  and  includes  the  dorsal 
posterior  side  of  the  shell.    The  part  of  the  dorsal  edge  in  front  of 


Fig 


500.— Avicttla  semisaffitta,  the  valves  are  shifted  over 
one  another ;  31,  muscle  impression. 
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the  apex  is  usuall}^  shorter,  and  contains,  at  least  in  the  equivalve 
species,  an  excavation,  the  lunula,  by  means  of  which  the  anterior 
edge  can  be  at  once  recognised. 

While  the  outer  surface  of  tlie  shell  presents  various  sculpture 
niarkuigs,  the  inner  surface  is  smooth  and  shines  with  the  lustre  of 
mother-of-pearl.  On  a  closer  examination,  impressions  and  pits  become 
visible  on  the  inner  surface.    A  narrow  line,  the  so-called  mantle  or 
pallial  line  (the  line  of  a  ttachment  of  the  mantle  edge  to  the  shell),  is 
placed  near  and  fairly  parallel  to  the  ventral  edge  of  the  shell  (fig. 
499,  Ml).    In  the  siphoned  forms  this  presents  posteriorly  a  bend 
directed  foi^wards  and  upwards  (Mh),  the  2^<^lli(^''l        which  is  due  to 
the  siphons.  Impressions  are 
usually  caused  by  the  inser-  Cic, 
tion  of  an  anterior  and  pos- 
terior adductor  muscle  which 
pass  through  the  body  of  the 
animal    transversely  from 
one  side  to  the  other,  and 
are  attached  to  the  inner 
surface   of    the   shell  (fig. 
499,  HM,  VM).    WhHe  in 
the  equivalve  mussels  [Or- 
thoconcha)  the  two  impres- 
sions are  usually  of  equal 
size,    in    the  unequivalve 
forms    {Fleuroconclict)  the 
anterior    adductor    is  re- 
duced, and  may  completely 
vanish ;    the    postei-ior  ad- 
ductor, on  the  other  hand, 
now  a  muscle  of  much  largei- 
size,  shifts  forward  to  the  middle  of  the  shell  (fig.  500).  Hence 
the  names  Dimyaria  and  Monomyaria.    According  to  its  chemical 
composition,  the  shell  consists  of '  carbonate  of  lime  and  an  organic 
matrix  (conchyolin),  which  usually  presents  a,  laminated  texture. 
In  addition  to  this  laminated  layer  there  is  also  a  thick  external 
calcareous  layer,  composed  of  large,  pallisade-like  prisms,  which 
are  placed  side  by  side  and  may  be  compared  to  the  enamel  of 
teeth  (fig.  501,  ,S').    Finally,  on  the  outer  surface  of  the  shell  there 
is  a  horny  cuticle,  the  so-called  epidermis  {Cu).    The  internal  lami- 
nated layer  is  secreted  by  the  whole  internal  surface  of  the  mantle, 


rniwd^<^^^^»''  '  

Fig.  501.— Vertical  section  tlu-ough  the  shell  and 
mantle  of  Anodonta  (after  Leyclig).  Cu,  cuticle ; 
S,  prismatic  layer;  Bl,  laminated  (mother-of-pearl) 
layer ;  Ep',  external  epithelium  of  mantle ;  Bd, 
connective  tissue  substance :  Ep",  internal  epi- 
thelium of  mantle. 
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wliile  the  two  outer  layers  are  formed  only  by  the  free  edge  of  tlie 
mantle.  The  growth  of  the  shell  is  effected  in  two  ways;  (1)  by 
additions  to  the  internal  laminated  layer,  wherelty  the  shell  increases 
in  thickness ;  (2)  by  additions  to  the  prismatic  and  horny  layei-s, 
whereby  it  increases  in  superficial  extent.  Accordingly  the  outer 
coloured  part  of  the  shell,  which  is  composed  of  vertical  px-isms  and  a 
horny  cuticle,  when  once  foimed  cannot  increase  in  thickness  ;  while 
new  concentric  layers  are  constantly  being  added  to  the  internal 
colourless  mother-of-pearl  layer  duiing  the  whole  life  of  the  animal. 
The  mantle-secretion  gives  rise  in  the  so-called  pearl-mussel  {Melea- 
grina,  Unio  maryaritifer),  to  the  formation  of  pearls. 

The  foot  is  completely  absent  in  compai-atively  few  of  the  iM'nidli- 
branchiata,  and  only  in  those  which  have  lost  the  power  of  locomotion 
{Ostrea,  Anomia).  In  many  forms,  principally  in  the  larva  {Unio),  less 
frequently  in  the  adult  [Mytilus),  the  foot  possesses  a  byssus  gland, 
which  secretes  silk-like  fibres,  by  which  a  tempoi-aiy  or  permanent 
attachment  of  the  animal  is  effected.    The  form  and  size  of  the  foot 
vary  very  considerably,  according  to  the  special  kind  of  locomotion. 
The  foot  is  most  frequently  used  for  creeping  in  sand,  and  then  is 
hatchet-shaped ;  in  other  cases  it  is  spread  out  laterally  and  its 
creeping  surface  has  tlie  form  of  a  disc.    More  rarely  it  is  of  a  large 
size  and  bent,  in  which  case  it  serves  for  spi'inging  movements  in  the 
water  (Cardium).    Some  LamelHbranchs  possess  a  linear  club-shaped 
or  cylindrical  foot  (Solen,  Solenomya),  and  move  by  rapidly  retracting 
the  foot  and  ejecting  water  through  the  siphons.    Many  use  the  foot 
for  burying  themselves  in  mud ;  othei's  bore  into  wood  (Teredo)  or 
hard  rock  (Pholas,  Lithodomus,  Saxicava,  etc.),  for  which  pvirpose 
they  push  themselves  against  the  rock  with  their  short  blunt  foot 
( Fholas,  Teredo),  and  use  the  hai-d  and  often  finely  serrated  edge  of 
their  shell  as  a  grater,  giving  it  a  rotatory  movement.    According  to 
Hancock,  the  foot  and  edge  of  the  mantle  at  the  anterior  end  of  the 
gaping  shell  are  beset  with  siliceous  crystals,  and  effect  the  excava- 
tion of  the  rock  after  the  manner  of  a  file. 

The  nervous  system  presents  three  pairs  of  ganglia,  the  cerebral, 
pedal,  and  visceral  gangha.  The  visceral  ganglia  are  connected 
with  the  cerebral  by  a  longer  or  shorter  commissure  on  each  side 
(figs.  496  and  498).  Since  there  is  never  a  distinct  head,  and  sense 
organs  do  not  appear  on  the  anterior  region  of  the  body,  the  brain 
(cerebral  ganglia)  is  proportionately  little  developed.  Its  nerves 
supply  mainly  the  i-egion  i-ound  the  mouth  and  the  mantle,  to  which 
two  large  nerves  are  often  distributed.    The  two  halves  of  the  l)rain 
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are  frequently  {Unio)  far  removed  from  one  another  laterally,  and  are 
approximated  to  the  anteriorly  placed  pedal  ganglia  {Pecten),  whose 
nerves  are  distributed  on  the  ventral  side  of  the  body  in  the  foot. 
The  large  visceral  yanglia  are  placed  on  the  ventral  side  of  the 
posterior  adductor  muscle,  and  supply  nerves  partly  to  the  gills  and 
partly  to  the  viscera  and  to  the  mantle;  the  latter  are  two  large 
trunks  which  run  in  the  edge  of  the  mantle  and  anastomose  with  the 
mantle  nerves  from  the  brain,  often  forming  plexuses.  Large  nerves 
also  pass  off  from  the  visceral  ganglia  to  the  siphons,  at  the  base 
of  which  they  form  an  accessory  pair  of  ganglia. 

Sense  organs. — Auditory  organs,  eyes,  and  tactile  organs  are 
present.  The  former  have  the  form  of  paired  auditory  vesicles,  and 
lie  beneath  the  oesophagus  attached  to  the  pedal  ganglia  (their 
nerve,  however,  arises  from  the  brain)  ;  they  are  chai-acterised  by  the 
large  hair  cells  which  line  the  wall  of  the  vesicle.  Eyes  may  either 
be  simple  pigment  spots  at  the  end  of  the  respii-atory  tube  {Solen, 
Vemos),  or  be  much  more  highly  developed  and  placed  on  the  edge 
of  the  mantle  of  Area,  Pectunculus,  Tellina,  and  especially  of  Pecten 
and  Spondylus.  In  the  latter  genera  they  are  placed  on  stalks 
between  the  marginal  tentacles,  and  have  an  emerald  green  or 
brown  red  colour ;  they  consist  of  an  eye-bulb  with  a  corneal  lens, 
choroid,  iris,  and  a  well- developed  layer  of  rods  mto  which  the  optic 
nerve  passes.  The  sense  of  touch  is  provided  for  by  the  labial  palps, 
the  edges  of  the  i-espiratory  apertures  (siphons)  with  their  papillae  and 
cirri,  and  also  the  often  numerous  tentacles  at  the  edge  of  the 
mantle  {Lima,  Pecten).  In  all  pi-obability  the  haii-  cells  found  in 
the  mantle  are  the  seat  of  a  special  olfactory  sense  (tracking  sense). 

The  digestive  organs  begin  with  the  mouth,  which  is  placed 
between  the  labial  palps  (fig.  498).  The  mouth  leads  into  a  short 
oesophagus,  into  which  the  cilia  of  the  labial  palps  drive  small 
nutrient  particles  received  into  the  mantle  cavity  with  the  water. 
Jaws  and  tongue  are  always  absent.  The  oesophagus  widens  into  a 
spherical  stomach,  at  the  pyloi-ic  end  of  which  a  blind  sac,  which 
can  be  closed  up,  is  attached.  A  i-od-like  transparent  structure 
(crystalline  style)  is  often  found  either  in  the  above-mentioned  blind 
diverticulum  of  the  stomach,  or  in  the  alimentary  canal  itself.  It  is 
to  be  regarded  as  an  excretion-product  of  the  alimentary  epithelium, 
and  is  periodically  renewed.  The  intestine  always  attains  a  con- 
siderable length,  is  much  coiled  and  is  surrounded  by  the  liver  and 
generative  glands ;  it  projects  into  the  foot  and  then  ascends  again 
behind  the  stomach  to  the  dorsal  surface  :  it  then  traverses  the 
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ventricle  of  tlie  heart,  pjusses  over  (dor.siil  to)  the  posterior  addiictoi- 
muscle  to  open  nt  the  hind  end  of  the  l.ody  into  the  mantle  cavity 
at  the  end  of  a,  projecting  papilla, 

Tlie  circulation  is  ellected  by  an  arteiial  heart,  which  is  enclosed 
in  a  pericardium  and  lies  in  tlie  dorsal  middle  line  slightly  in  fi'ont 
of  the  posterior  adductor  nniscle.  The  heart  consists  of  a  median 
ventiicle,  which  is  perforated  by  the  alimentary  canal,  and  of  two 
lateral  auricles,  through  which  the  blood  enters  the  ventricle.  The 
ventricle  of  the  heart  of  ^rca  is  peculiar  in  being  double;  the  efferent 
aortjE,  however,  unite  to  form  an  unpaired  vessel.  The  ramifications 
of  the  anterior  and  posterior  aorta  lead  the  blood  into  a  compli- 
cated system  of  lacunte  in  the  mantle  and  in  the  interspaces 
between  the  viscera.  These,  which  coincide  with  the  body  cavity, 
represent  the  capillaries  and  finer  venous  vessels;  while,  by  some 
observers,  they  have  been  regarded  as  a  true  capillary  and  venous 
system.  The  chief  venous  sinuses  are  two  lateral  sinuses  placed  at 
the  base  of  the  gills,  and  a  median  sinus  into  which  the  lacunte  of 
the  foot  lead.  From  these  part  of  the  blood  passes  direct  into  the 
gills ;  the  main  part,  however,  first  passes  through  a  network  of 
canals  in  the  walls  of  the  kidney  or  organ  of  Bo j  anus,  as  through  a 
kind  of  portal  circulation,  and  thence  into  the  gills,  whence  it  is 
returned  as  arterial  blood  to  the  auricles  of  the  heart,  Watei  is 
said  to  enter  the  circulation  through  openings  in  the  foot  and  to 
become  mixed  with  the  blood.  Nevertheless  the  erectile  netwoi-ks  of 
the  foot  are  blood-lacunse. 

Organs  of  respiration. — Theie  ai-e  iTsually  two  paii-s  of  bi-anchial 
leaflets  (gills),  which  begin  behind  the  labial  palps  and  pass  back- 
wards along  the  sides  of  the  body.  The  outer  sv;rfaces  and  the 
interlamellar  water-spaces  of  these  bi-anchial  leaflets  are  covered 
with  cilia,  which  keep  up  a  continiious  flow  of  water  over  the  gills. 
The  outer  gill,  viz.,  that  lying  next  the  mantle,  is  usually  con- 
siderably the  smaller  of  the  two.  It  is  often  completely  absent,  so 
that  the  number  of  the  gills  is  reduced  to  a  single  pair.  Sometimes 
the  gills  of  the  two  sides  fuse  with  one  another  across  the  middle  line 
in  the  posteiior  region,  and  may  in  extreme  cases  represent  a  sack, 
like  the  branchial  sack  of  the  Ascidians  (Clavagella). 

The  most  important  of  the  excretory  organs  —  the  organ  of 
Bojanus,  so-called  after  its  discoverer— is  a  paired,  glandular  .sac 
with  folded  w^alls,  and  of  an  elongated  oval  form,  whose  ca^^ty 
communicates  with  the  pericardium  (fig.  498).  The  substance  of 
this  gland,  which  functions  as  kidney,  is  composed  of  a  yellow  or 
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brown  spongy  tissue,  which  is  covered  with  a  closely  ciliated  layer 
of  cells,  from  which  concrements  containing  calcareous  matter  and 
uric  acid  (also  giumm)  are  excreted.'  The  simple  duct  often  receives 
the  duct  of  the  generative  apparatus,  or  the  two  organs  open 
together  on  a  common  papilla  on  either  side.  In  the  Siphoniata,  on 
the  other  hand,  the  renal  and  generative  openings  are  almost  always 
separate. 

Generative  organs.  —  The  Lamellibranchs  are,  with  a  few 
exceptions  (the  genera,  Cyclas,  Pecten,  Ostrea,  Clavcujella,  Pandora), 
dicecious.  Both  kinds  of  sexual  organs, lie  amongst  the  viscera,  and 
have  the  form  of  lobed  or  racemose  glands,  which  are  placed  near  the 
liver,  surround  the  windings  of  the  intestine,  and  extend  into  the 
base  of  the  foot.  The  testis  and  ovary  can  usually  be  distinguished 
from  one  another  with  the  unaided  eye  by  their  colour ;  the  ovary 
being  red  in  consequence  of  the  colour  of  the  ova;  the  sperm,  on 
the  contrary,  is  milk-white  or  yellow.  The  openings  of  the  ducts 
are  placed  right  and  left  near  the  base  of  the  foot.  The  form, 
position  and  opening  are  exactly  the  same  in  the  hermaphrodite 
trlands  in  which  the  male  and  female  follicles  may  he  separate  and 
open  separately  {Pandora)  or  together  {Pecten,  Olavagella,  Cyclas); 
or  the  same  folHcles  may  function  sometimes  as  ovary  and  sometimes 
as  testis  {Ostrea,  Cardium  norwegioum).  In  the  dioecious  forms, 
the  male  and  female  animals  may  differ  in  the  shape  of  the  shell,  as 
is  the  case  in  the  fresh  water  Unionidce.  Here  the  outer  gills  of  the 
female  are  used  for  the  reception  of  the  eggs  (brood  poueh),  and 
the  shell  is  more  arched.  Hermaphrodite  individuals  are  met  with 
among  the  freshwater  mussels,  both  in  Unio  and  in  Anodonta. 
The  fertilization  of  the  eggs  is  probably  usually  effected  in  the 
mantle  or  branchial  cavity  of  the  female. 

But  few  Lamellibranchs  are  viviparous.  The  fertilized  eggs, 
however,  almost  always  remain  for  some  time  between  the  valves  of 
the  shell,  or  pass  into  the  branchial  leaflets,  where  they  undergo  the 
early  processes  of  embryonic  development  under  the  protection  of 
the  mothei'.  This  care  of  the  brood  is  especially  conspicuous 
in  the  freshwater  forms;  in  the  Unionidce  the  eggs  pass  into  the 
great  longitudinal  canal  of  the  external  gill,  whence  they  are  dis- 
tributed into  the  gill  spaces,  which  become  enormously  widened  and 
modified  into  peculiar  brood-pouches.  In  the  emptying  of  these 
brood-pouches  the  contents  are  expelled  through  the  great  longitu- 
dinal canal  as  a  mass  of  eggs,  united  together  by  mucus  and  con- 
taining ciliated  embryos,  or  as  a  continuous  string  of  eggs. 
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The  development*  of  the  embryo  is  introduced  by  an  unequal 
segmentation.  The  segments  arrange  themselves  in  the  form  of  a 
blastosphere,  on  which  the  archenteron  often  arises  hy  invagination, 
while  the  mesoderm  is  developed  from  two  cells  which  aie  early 


Fig.  502.— Stages  iu  the  development  of  the  larva  of  Teredo  (after  B.  Hatschek).  a,  oiitica 
mediau'section  of  an  emhi-j'o  with  two  mesoderm  cells  (Ms)  and  two  entodenn  cells  (Ei); 
JSc,  ectoderm  cells,  b,  Ciliated  embryo  with  mouth  (O),  stomach,  inte.stine,  and  shell 
gland  (Sdr) ;  S,  shell,  --e,  Later  stage;  Sp,  apical  plate  ;  A,  anal  invagination. 


separated.  The  first 
trace  of  the  endoderm 
also  may  have  the  form 
of  two  cells  (fig.  502). 
The  embryo,  which  is 
partially  ciliated  and 
often  rotates  within 
the  egg  membranes, 
soon  acquires  a  ciliated 
velum  and  shell  gland. 
The  nervous  system, 
otocysts,  and  foot  are 
not  difierentiated  till 


*  Vide  especially  Lov^n, 
"  Bidrag  till  Kannedomen 
om  Utvecklingeii  af  Mol- 
lusca  Acephala  Lamelli- 
branchiata."'  Stockholm, 
1848. 

Flemming,  "  Studieu  iiber  die  Entwickelungsgeschichte  der  Najaden.'" 
Sitzvngsber.  der  K.  Almd.  dcr  Wissimsch.    Vienna,  1875. 

Carl  Kabl,  "  Ueber  die  Bntwickelungsgescliichte  der  Malermuschel."  Jena, 
1876. 

B.  Hatschek,  "  Ueber  die  Entwick-gesch.  von  Teredo."  Arheiten  avs  dem 
cool.  Institute,  etc.,  Tom.  III.    Vienna.  1881. 


d,  Larva  of.\Teredo.  O,  mouth;  A,  anus;  Frw,  pra^oral 
ciliated  ring ;  Pow,  postoral  ciliated  ring  ;  N,  pronephros  ; 
Ot,  otocyst ;  Pg,  pedal  ganglion  :  Mz,  mesoderm  cells. 
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afteiAvards ;  while  the  heart,  kidney,  and  gills  are  still  later  m 
making  their  appearance.  Among  the  provisional  arrangements  the^ 
velumr which  proceeds  from  the  sides  of  the  prseoral  ciliated  ring,  is 
very  generally  present,  and  in  the  free-swimming  larvse  has  the  form 
of  a  large  ciliated  ring  or  collar. 

The  development  of  the  freshwater  forms  {Cyclas,  Unio,Anodonta),. 
in  Avhich  the  eggs  and  embryos  are  contained  in  well-protected 
brood  pouches,  may  generally  be  called  direct.  The  marine  Lamelli- 
branchs,  on  the  other  hand,  are  born  at  an  early  stage,  and  swim 
about  for  a  long  time  as  larva?  with  large  umbrella-like  velum,  from 
which  the  labial  palps  are  developed  (fig.  503). 

The  Lamellibranchs  are  for  the  most  part  marine  and  live  at 
different  depths,  sometimes  creeping,  sometimes  smmming  and. 
jumping.  Many  are  without  the  power 
of  changing  their  position,  inasmuch 
as  they  fix  themselves  at  an  early  age 
by  means  of  the  byssus  threads  to 
rocks  and  stones  (oysters).  Others, 
as  the  boring  forms,  bore  passages  in 
the  wood  of  ships  and  piles  and  in 
rocks. 

The  Lamellibranchs  had  a  wide  dis- 
tiibution  in  the  earlier  periods  of  the 
earth's  history,  and  their  fossil  shells 
are  most  excellently  preserved ;  they 
are  therefore  of  the  greatest  import- 
ance as  characteristic  fossils  for  the 


determination  of  the  age  of  formations. 


Fig.  SOS. — Larva  of  Montacida  hiclentata 
(after  Loven).  S.  velum;  Sp,  apical 
plate  with  flagellum ;  D,  intestine;: 
Z,  liver  ;  SM,  anterior  adductor  mus- 
cle ;  Pe,  foot. 


■  1.— ASIPHONIA. 

Mantle  without  siphons.    Pallial  impression  simple. 

Fam.  Ostreidae.  Oysters.  Shell  valves  imeqiial,  laminated,  with  weak  hinge- 
usually  without  teeth,  and  simple  central  adductor  muscle.  In  the  true  oysters 
the  more  arched  left  valve  is  firmly  attached,  while  the  right  and  upper  valve, 
which  is  fastened  by  an  internal  ligament,  lies  as  an  operculum  on  the  lowei" 
valve.  Mantle  completely  split  and  fringed  at  the  edge  ;  gill  lamella,  on  the 
contrary,  partially  fused  on  their  outer  edge.  Foot  absent  or  rudimentary^ 
They  usually  live  together,  like  colonies,  in ,  the  warmer  seas,  where  they  may 
form  banks  of  considerable  extent  (oyster  banks).  They  were  also  represented 
in  earlier  times,  especially  in  the  Jura  and  in  the  Chalk,  Ostrea  edulia  L.,. 
oyster,  on  the  coasts  of  Europe  on  rocky  ground  ;  probably  includes  a  series  of 
different  species  according  to  the  locality.  According  to  Davaine,  the  oysters- 
are  said  to  produce  only  male  sexual  products  towards.the  end  of  the  first  year. 
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anc  It  IS  only  later,  from  the  third  year  onwardK,  that  they  become  femalcH 
and  produce  ova.  Moebius,  on  the  contrary,  asserts  that  the  sperm  is  the  latei' 
tormed,  and  not  until  after  the  pregnant  beast  has  got  rid  of  her  eggs.  The  re- 
production takes  i)lace  especially  in  the  months  of  June  and  July,  at  which 
time,  m  spite  of  their  extraordinary  fei-tility,  the  oysters  must  not  be  gathered 
O  cnstaf/aUi  Ohemn.,  in  the  Indian  Ocean.    Anomia  ,'phip,>iim  L.  Phiruna 

Fam.  PectinidsB.  Scollops.  Hhell  equivalved  or  uiicjuivul ved,  but  tolerably 
cquisided,  with  straight  hinge  line  ;  often  with  fan-shaped  ribs  and  bands,  witii 
single  adductor  muscle.  The  free  and  completely  s|)lit  mantle  edges  bear 
numerous  tentacles,  and  often  ememld  gi-een  eyes  in  great  number.  The  small 
foot  often  secretes  byssus  fibres  for  attachment.  Some  are  attached  by  their 
arched  shell  valve  {Spondylux'),  others  swim  about  by  rapidly  opening  and 
•closing  the  shell  (Prcten).  Many  are  edible  and  are  even  more  esteemed  than 


the  oysters.  PecU'ii  Jacohcens  L.,  P.  vicwimiis  L.,  P.  varina  L.  Mediterranean. 
Spondijlns  (jacderajms  L.    Lima  sqvamom  Lam. 

Fam.  Aviculidae.  With  oblique  unequivalved  shell  of  laminated  texture  and 
inner  mother-of-pearl  layer.  They  possess  two  adductor  muscles,  of  which, 
however,  the  anterior  is  very  small.  Mantle  completely  open.  Foot  small, 
isecreting  byssus.  Avicula  Jnrundo  L.,  Gulf  of  Tareut.  Mcleagrina  nuirgari- 
t'lfera  L.,  pearl  mussel,  inhabits  es]iecially  the  Indian  and  Persian  Oceans,  and 
also  the  Gulf  of  Mexico.  Secretes  pearls.*  The  internal  layer  of  the  shell  is  used 
in  commerce  as  niother-of-pearl.  Malleus  culgari.^,  Lara.,  Indian  Ocean. 

Fam.  Mytilidae  (fig.  .504).  Mussels.  Shell  equivalved,  covered  with 
thick  epidermis,  with  large  posterior  and  small  anterior  muscle  impressions. 
The  tongue- shaped  foot  fastens  itself  by  the  byssus  fibres  which  it  secretes. 
Mantle  more  or  less  free  except  a  short  siphonal  opening  fringed  at  the  edge. 
P'nina  .sqriaviDsa  Gm.,  Mediterranean.  Myt'dus  cduli^  L.,  edible  mussel  of  the 
North  Sea  and  Baltic  (fig.  .504).  Lithvdomns  dactyhis  Sow.,  in  the  Mediter- 


*  cf.  Moebius,  "  Die  ecbten  Perlen,  etc."    Hamburg,  1857. 
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raaeau  (Temple  of  Serapis  at  Pozzuoli).  Dreyssem  polymorplia  Fall.,  has 
gradually  extended  over  many  fi-esh  water  systems  of  Germa?iy. 

Fam.  ArcacBEB  (Archemnscheln).  Shell  thick,  equivalved  with  well- 
developed  hinge,  and  covered  by  hairy  epidermis.  The  two  adductors  form 
two  equally  large  anterior  and  posterior  muscle  impressions.  Area  Noas  L., 
Mediterranean.    Pcctuncidus  jnhmix  L.,  Mediterranean. 

The  Trigoniadse  (Trigoniacea)  are  allied  here.  .  Trigonia  jicct  inata  Lam, 

Fam.  UnionidEe  (Najades),  Freshwater  Mussels.  With  long  equivalved  but 
not  equisided  shells,  which  are  covered  externally  by  a  strong  smooth  usually 
brown  epidermis,  and  internally  by  a  mother-of-pearl  layer.  One  of  the 
muscle  impressions  is  divided.  Foot  with  cutting  edge  ;  gills  fused  behind  the 
foot.  The  outer  gill  plates  also  function  as  brood-pouches  for  the  developing 
eggs.    They  live  in  standing  or  running  water, 

Anodonta  cijguea  Lam.,  in  ponds.  A.  cmatina  L.,  more  in  rivers  and  brooks. 
Unio  pictorum  L.,  (Malermuschel).  Unio  tumidus  Retz.,  batavus  Lam,  Mar- 
gar  ttana  margaritifeva  Retz.  (Flussperlmuschel),  in  mountain  streams  of 
South  Germany,  especially  in  Bavaria,  Saxony,  and  Bohemia. 

II._SIPHONIATA. 

Part  of  the  mantle  edges  fused,  with  elongated  tubular  siphons. 

Fam.  Chamidse  (Chamacea)  (Gienmuscheln).  Shell  unequivalve,  with 
strongly  developed  cardinal  teeth  and  simple  pallial  line.  The  mantle  edge  fused, 
except  at  three  points,  viz.,  the  opening  for  the  foot,  the  dorsal  (cloacal)  and 
ventral  (inhalent)  siphons.    Chama  Lazarus  Lam. 

The  Tridacnidae  are  closely  related  to  the  above.  Trklacna  gigas  L.  H'q)- 
jjopus  viacvlatm  Lam.    Indian  Ocean. 

Fam.  Cardiidae  (Cardiacea)  Cockles.  Shell  equi valve,  fairly  thick,  heart- 
shaped  and  arched,  with  large  incui-ved  umbones,  external  ligament,  and  strong 
hinge  formed  of  several  teeth.  Siphons  short.  Foot  powerful  art'd  bent  elbow- 
like, serves  for  swimming  ;  passes  out  through  anterior  slit.  Cardium  edtile  Ij., 
North  Sea  and  Mediterranean.    Hemicardiuin  cnrdi-ssa  L.,  East  Lidies. 

Fam.  Lucinidae  (Lucinacea).  Shell  circular,  free,  closed,  with  one  or  two 
cardinal  teeth,  and  a  second  quite  rudimentary  lateral  tooth.  Pallial  line 
simple.  Mantle  open  in  front,  prolonged  behind  into  one  or  two  siphons. 
Lucina  lactea  Lam.  Mediterranean. 

Fam.  Cycladidse.*  Shell  equivalve,  free,  swollen,  with  external  ligament  and 
thick  horny  epidermis.  Mantle  with  two  (rarely  one)  more  or  less  fused 
siphons.  Live  in  fresh  water.  C'golas  cornea  Jj.,  Pisidium  Ft  Corbicula  Muhli. 

Fam.  Cyprinidse.  Shell  regular,  equivalve,  elongated  to  an  oval,  closed,  with 
thick  and  strong  epidermis.  One  to  three  principal  cardinal  teeth,  and  usually  a 
hinder  lateral  tooth.  Pallial  line  simple.  Mantle  edges  fused  to  form  two 
si  phonal  openings.    Cgijrina  islandica  Lam.,  Isooardia  cor  L.  Mediterranean. 

Fam.  Veneridse.  Shell  regularly  round,  or  oblong  with  three  diverging  car- 
dinal teeth  on  each  valve.  Pallial  line  bent  in.  Siphons  of  uneqiial  size,  fused 
at  the  base.  Venus  verrucosa  L.,  Mediterranean,  Cytherea  Ohioiie  L.,  edible, 
Mediterranean.    C.  Dione  L.,  Atlantic  Ocean. 

Fam.  Mactridse  (Fig.  499).     Shell  trigonal,  equivalve,  closed  or  slightly 

*  Fr.  Lcydig,  "  Anatomic  und  Entwickelung  von  Cyclas."     Miiller's  Archiv, 
18.S.0. 
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gai.ing,  with  thick  epidcnniH.  Two  diverging  cardinal  teeth.  Pallial  indenta- 
tion short,  rounded.  Siphons  fused,  with  fringed  openingK.  Maotra  stultorum 
L.,  Mediterranean.    Lnfraria  Lam. 

l<^ani.  TellinidsB.  With  two  long,  completely  separated  siphons  ;  edges  of 
mantle  widely  open,  bearing  tentacles.  Triangular  foot.  TMina  haltioa  Qm. 
1.  radiatit  }j.  Dontix  tritnoulvs  Ij. 

Fam.  MyidEB    ((iapers).     Mantle    almost   completely    closed,   with  slit 
for  the  pioi  rusion  of  the  short  or  eylindrically  elongated  foot,  and  very  long 
fleshy  fused  siphons.   'J'he  valves  gape  at  each  end  and  posses's 
a  weak  hinge.  Bury  themselves  deep  in  mud  and  sand.  Solcu 
■n/ffhui.  T..,  I'azoi'  shell.    3f!/a  tnnimta  L.  (Gaper). 

Fam.  Gastrochaenidse  (Tubicolidae).  Shell  thin,  equivalve, 
toothless,  sometimes  inserted  in  a  calcareous  tube  formed  by 
an  excretion  of  the  mantle.  Mantle  with  one  small  opening 
anteriorly  and  prolonged  Ijehind  into  two  fused  siphons 
with  terminal  openings.  Gastrochaina  clava  L.,  Clava(jdla 
hacillaris  Desh.    Anperyillum  jaranum.  Lam.,  Indian  Ocean. 

Fam.  Pholadidae.  Boring  mussels.  The  valves  of  the  two 
sides  gaping ;  without  cardinal  teeth  and  ligament,  but 
with  accessory  calcareous  pieces  which  lie  either  on  the 
hinge  QFholas)  or  on  the  siphons  ^Teredo,  fig.  505).  Mantle 
with  only  small  opening  for  the  passage  of  the  thick  foot. 
Siphons  elongated.  Bury  themselves  in  mud  and  sand,  or 
bore  into  wood  and  even  into  solid  stone,  calcareous  rocks 
and  corals.  They  form  passages,  from  which  they  protrude 
their  fused  siphons.  Plwlm  dactyhis  L.  Piddock,  PJu 
orassata  L.  Teredo  navalis  L.  (Fig.  505)  Shipworm,  was 
the  cause  of  the  famous  dam-break  in  Holland  at  the 
beginning  of  last  century. 


SCAPHOPODA. 

Dicecious  Mollusca  without  head,  eyes,  or  heart,, 
with   tri-lohed  foot,   and   tubular   calcareous  shell 
^         open  at  the  two  ends. 

Fig.     505.  —  Teredo 

navalis,  removed  The  Scwphopoda  are  aUied  to  the  Lamellibranchs. 
fromits calcareous  jj^    admirable  investigations  of  Lacaze-Duthiers* 

tube,  with  elonga-  ■  _  ° 

ted  siphons  (after  first  cleared  up  this  gi-oup  of  Molluscs,  which  were 
Quatiefages).       £^^,  ^  long   time  known  as  Cirrohranchiata  and 
grouped  amongst  the  Gastropods.    He  showed  that  they  are  closely 
related  to  the  Ace2)hala,  and  constitute  forms  transitional  between  the 
latter  and  the  Cejihalophora. 

The  shell  is  an  elongated,  somewhat  bent,  open,  conical  (with  the 
apex  broken  off)  tube,  and  contains  the  animal,  which  has  a  similar 
shape  and  is  fastened  by  a  muscle  to  the  thinner  lower  edge  of  the  shell 

*  Lacaze-Duthiers,  •' Histoire  de  1 'organisation  et  du  d^veloppement  du  Den- 
talc,"  Ann.  des  Sc.  iXat.,  1856-1858. 
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(fia  506)  The  body  possesses  a  saccular  mantle,"llike  the  shell  open 
at  both  ends,  and  a  trilobed  foot;  the  foot  is  protruded  through  the 
lar-er  of  the  openings  of  the  shell  from  the  anterior  opening  of  the 
mantle,  the  margin  of  which  is  thickened.  A  separated  cephalic 
region  is  not  present,  but  there  is  an  egg-shaped  projection  m  the 
mantle  cavity,  at  the  apex  of  which  is  placed 
the  mouth,  surrounded  by  eight  leaf -like  labial 
appendages. 

The  buccal  armature  con- 
sists of  a  lateral  (right  and 
left)  rudimentary  jaw,  and  a 
tongue  beset  with  five  rows  of 
plates. 

The  alimentary  canal  is 

divided  into  a  buccal  cavity, 
cesophagus,  stomach  with  large 
liver,  and  an  nitestine,  which 
after  several  coils  closely 
pressed  together,  opens  behind 
the  foot  into  the  middle  of  the 
mantle  cavity. 

The  circulatory  organs  are 
reduced  to  two  mantle  vessels 
and  a  comphcated  system  of 
wall-less  spaces  of  the  body 

Pig.  506. — Dcntalium 

Tarenthmm  (after  CaVlty 
Lacaze-  DutMers). 

Animal     without  .  „    .  ,  - 

sheu  from  right  'the  suriace  ot  the  mantle  and 
side,  p.foot;  Mt,  aigo       the  filiform  tentacles, 

circulai'  muscle  of 

which  aiise  from  two  ridges 
{cervical  collar)  behind  the 
head-like  buccal  prolongation. 
The  kidney  lies  round  the 
rectum,  and  opens  by  two  openings  placed  on 
the  right  and  left  of  the  anus. 

The  nervous  system  consists  of  three  groups 
of  ganglia,  of  which  the  pedal  ganglion  bears  two  otocysts.   Eyes  are 
absent.    The  numerous  ciliated  tentacles  serve  as  tactile  organs. 

The  Scaphopoda  are  dicecious.  The  ovaries  and  testes  are  un- 
paired finger-shaped  lobed  glands,  which  are  placed  behind  the  liver 
and  intestine,  and  open  to  the  exterior  with  the  light  kidney. 


Respiration  is  efiected  by 


mantle ;  M,  longi- 
tudinal muscle  ; 
Br,  gills  ;  N,  kid- 
ney; L,  Uver;  O, 
generative  gland. 


a  . 

Fi&.  507. — Larva  of  Denta- 
linm  (after  Lacaze-Du- 
thiers).  a,  young  larva 
with  first  nidiment  of 
shell  {S).  h.  Older  larva 
seen  from  the  dorsal  s\ir- 
face  ;  T,  tentacle  collar ; 
Gg,  cerebral  ganglion ; 
Oes,  cesophagus ;  L,  liver. 
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The  aniniaLs  live  buried  in  mud,  and  creep  aljout  slowly  by  means 
of  the  foot.  The  young  swim  about  for  some  time  a^  larv*,  provided 
with  ciliated  tuft  and  ciliated  collar ;  then  acquire  a  shell,  which  is 
almost  bivalve,  a  velum,  and  foot;  the  shell  sulxsequently  becomes 
tubular  (fig.  507). 

Order. — Solenoconchse. 

Fam.  DentalidsB.  Dentalhm  entctlh  L.,  D.  elcphantinim  L..  Mediterranean 
and  Iiidirm  Ocean. 


Class  II.— GASTROPODA.  ■ 

Mollasca  loith  distinct  head,  often  bearing  tentacles;  a  ventral 
muscidarfoot  and  undivided  mantle,  which  frequently  secretes  a  sivijih 
2ilate-shaj)ed  or  spirally  tunsted  shell. 

The  anterior  part  of  the  body  or  head  usually  bears  two  or  four 

tentacles  and  two 
eyes,  which  are 
placed  sometimes  at 
the  apex,  usually  at 
the  base  of  a  pair  of 
tentacles  (fig.  508). 
The  muscular  foot 
projects  from  the 
ventral  side  of  the 

Fig.  50^.— Helix  pomatia.     0,    Eyes  at  the  extremity  of  the  ImrK' •       i>v  frv,.,-,^ 
long  tentacles ;  Pc,  foot.  ;  101  m 

and    size  presents 

numerous  modifications.  As  a  rule  it  has  a  broad  and  long  plantar 
surface ;  but  in  the  Heteropoda  it  has  the  form  of  a  vertically  extended 
fin.  The  shape  of  the  body  depends  on  the  position  and  form  of  the 
mantle.  The  latter  is  placed  like  a  cap  on  the  dorsal  surface, 
and  consists  of  a  more  oi'  less  considerable  fold  of  the  dorsal  inteffu- 
ment ;  its  edge  is  usually  thickened,  sometimes  also  prolonged  into 
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lol.es  or  drawn  out  into  processes.  The  lower  surface  of  the  mantle 
usually  serves  as  the  roof  of  a  cavity,  which  extends  on  to  the  dorsal 
surface  and  also  on  to  the  sides  of  the  body.  This  cavity  contains 
the  respiratory  organ,  and  opens  to  the  .exterior  by  an  aperture  or 
tubular  prolongation  at  the  mantle  edge. 

The  body  cavity  is  developed  on  the  dorsal  surface  of  the  foot,, 
usually  in  a  %risceral  sac,  which  projects  like  a  hernia.    The  visceral 
sac  tapers  gradually  at  its  upper  end,  and  is  usually  spirally  twisted. 
The  mantle  and  visceral  sac  are  covered  by  the  shell,  which  to  a 
certain  extent  repeats  the  twistings  of  the  latter  and  can  usually 
completely  receive  and  protect  the  head  and  foot  when  the  animal  is 
retracted.    The  shell  is  as  a  rule  hard  and  calcareous,  and  possesses 
an  internal  nacreous  layer  similar  to  that  of  the  mother-of-pearl 
layer  of  the  Lamellibranch  shell;    The  shell  is  sometimes  delicate, 
horny,  and  flexible,  or   it  may  have  a 
gelatinous   {Tiedmannia)  or  cartiliginous 
{Gymhulia)  consistency.    More  rarely  the 
.shell  is  so  small  that  it  only  covers  the 
mantle  cavity  with  the  respiratory  organs 
or  lies  hidden  completely  within  the  mantle 
[lAmax,  Pleiorohranchiata).    In  other  cases 
it  is  thrown  off  at  an  early  stage,  so  that 
the  adult  beast  is  completely  Avithout  a 
shell  {Nticlihranchiata).    The  shell  differs    Fig.  509.— Section  tin-oush  the- 
from  that  of  the  Lamellihranchiata  in  being         ^^^^^    mux  pomatta. 
composed  of  a  single  piece;  it  is  either  flat  and  cup-shaped  {Patella)  and 
uncoiled,  or  it  is  spirally  tmsted  in  very^  different  ways,  from  a  flat 
disc-shaped  to  the  long  drawn-out  turret-shaped  spiral  (fig,  509).  In 
the  first  case  it  moi-e  resembles  the  embryonic  shell,  which  lies  as  a 
delicate,  cap-shaped  covering  on  the  mantle.    The  growth  of  the 
shell  keeps  pace  with  that  of  the  animal,  the  additions  being  made 
to  the  edge  of  the  shell,  \dz.,  to  that  part  which  lies  on  the  edge  of 
the  mantle.    In  consequence  of  the  inequality  of  this  growth  spiral 
twistings  arise,  the  diameter  of  which  gradually  and  continuously 
increases.    Inasmuch  as  the  unsymmetrical  growth  of  the  shell  is 
due  to  the  unequal  growth  of  the  body,  the  position  of  the  openings 
of  the  unpaired  organs  (anus,  sexual  opening)  to  one  side  of  the- 
gi-eat  external  lip  of  the  shell  is  intelligible. 

The  following  parts  may  be  distinguished  in  a  spirally-tAvisted 
shell;  (1)  the  apex,  as  the  part  of  the  shell  at  which  the  growth 
began  and  from  which  the  spii-al  twistings  started;  (2)  the  openin 
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•or  aperture,  which  leads  into  the  last  and  usually  largest  turn  of  the 
spiral ;  its  lip  (jjeristoma),  swollen  in  the  adult  animal,  lies  on  the  edge 
•of  the  mantle.  The  spiral  is  twisted  to  the  right  or  left  round  an 
axis  which  is  directed  from  the  apex  to  the  aperture,  and  is  indicated 
•either  by  a  solid  spindle  {columella)  or  a  hollow  canal.  When  the 
turns  of  the  spii-al  are  far  removed  from  the  axis,  this  canal  may 
l)ecome  an  almost  conical  space  with  a  wide  opening  {Solarium), 
The  turns  are  usually  closely  applied  to  one  another ;  more  rarely 
they  are  separated  {Scalaria  jJretiosa).  According  to  the  position  of 
the  columella,  a  columella  edge  or  inner  lip  and_an  outer  edge  or  outer 
lip  of  the  aperture  may  be  distinguished.  The  latter  may  be  entire 
■{liolostomatous),  or  broken  by  an  excavation  which  is  often  pi-olonged 
into  a  canal  {si2)honostomatous).  In  many  Gastropods  an  ojyerculuvi 
is  added;  this  is  usually  placed  on  the  hind  end  of  the  foot,  and 
•closes  the  shell  aperture  when  the  animal  is  retracted.  Many  terres- 
trial Gastropods  secrete  before  the  beginning  of  the  winter  sleep  an 
operculum,  which  is  thrown  off  again  in  the  spring. 

The  slimy  integument  consists  of  a  superficial  layer  of  cylindrical 
■cells,  which  are  frequently  ciliated,  and  of  a  connective  tissue  dei-mis, 
which  is  inseparably  connected  with  the  dermal  muscles.  Cal- 
careous and  pigment  glands  are  placed  in  the  integument ;  they  are 
■especially  numerous  at  the  edge  of  the  shell,  where  they  contribute  to 
the  growth  and  peculiar  colouring  of  the  shell.  The  shell,  which  is 
a  cuticular  structure,  is  secreted  by  the  epithelium,  like  other  cuticular 
.structures;  it  becomes  hard  when  the  calcareous  salts  which  are 
mixed  in  the  organic  basis  assume  a  hard  and  crystalline  condition. 
'The  superficial  layer  of  the  shell  often  remains  uncalcified  as  a  thin 
delicate  epidermis,  while  the  inner  surface  is  thickened  by  mother-of- 
pearl  layers  (secreted  by  surface  of  mantle).  The  connection  of  the 
animal  to  its  shell  is  effected  by  a  muscle,  which  on  account,  of  its 
position  on  the  spindle  {columella),  is  called  the  spindle  muscle.  This 
muscle  arises  from  the  dorsal  part  of  the  foot,  and  is  attached  to 
the  spindle  at  the  beginning  of  the  last  turn  of  the  sph^al. 

The  nervous  system  presents  a  great  resemblance  to  that  of  the 
Lamellihranchiata,  but  there  are  many  differences  in  detail. 

In  the  Placopliora,  whose  nervous  system  presents  close  relations 
to  that  of  Neommia  and  Choitoderma,  the  ganglionic  swellings  are 
not  marked  (fig.  495).  In  all  other  cases  the  three  t}T)ical  groups 
of  ganglia  are  present,    *  The  cerebral  ganglia  (fig.  497,  C  y)  are 

*  The  subjoined  account  of  the  nervous  system  is  slightly  modified  from  the 
German. — Ed. 
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connected  together  by  a  transverse  band,  and  each  of  them  gives  off 
a  commissure°to  the  pedal  ganglia  {P  g),  and  a  second  commissure  to 
a  pair  of  visceral  ganglia  (Fig).  The  latter  ganglia,  which  are 
known  as  the  commissural  or  pleural  ganglia,  are  also  connected  with 
the  pedal  ganglia  (fig.  497).  There  are  thus  two  nervous  com- 
missures round  the  oesophagus— the  direct  cerebro-pedal,  and  the 
cerebro-pedal  by  way  of  the  pleural  or  commissural  ganglia.  The 
pleural  ganglia  may  lie  directly  on  the  cerebral  or  pedal  ganglia. 


Fig.  510.— Nervous  system  of  ffaliotis  (diagrammatic,  after  Spensel).  Cj,  cerebral  ganglion  ; 
Pg,  pedal  ganglion  ;  Pig.  pleural  ganglion  (commissural  ganglion) ;  Ag,  abdominal 
ganglion ;  O  and  O',  olfactory  organs  ;  Pe,  pedal  cord ;  S  and  S',  lateral  nerves ;  Br, 
gills,   b,  Nervous  system  of  lAmnmm  (aftei  Lacaze-Duthiers). 

The  pleural  ganglia  are  part  of  the  third  typical  group  of  ganglia, 
viz.,  the  visceral  group.  They  are  connected  with  each  other  by  a 
long  commissure,  the  visceral  commissure,  which  often  extends  into 
the  hinder  part  of  the  body,  and  contains  several  ganglia  in  its 
course ;  the  latter  ganglia,  which  also  constitute  part  of  the  visceral 
group  of  ganglia,  send  off  nerves  to  the  sexual  organs,  kidney,  heart, 
gills,  olfactory  organs,  and  mantle  (fig.  497,  Gsh,  V g,Gsp;  fig.  510 
a,  0,0',  A  g;  fig.  510  h,  A  g). 

The  visceral  ganglionic  system  of  Gastropods  is  therefore  broken 
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up  into  several  ganglia,  and  is  connected  with  the  pedal  (by  the 
pleuro-pedal  commissure)  as  well  as  with  the  cerebral. 

In  the  Frosobranchiata  the  position  of  the  visceral  commissui-e, 
with  its  ganglia,  and  nerves  presents  a  peculiar  condition  {Chiasto- 
neufa) ;  the  commissure  from  the  right  pleural  ganglion  passes  over 
(dorsal  to)  the  alimentary  canal  to  the  left  side,  and  here  forms 
a  ganglion — the  supraintestinal  ganglion  (fig.  497,  G  s  p) — which 
supplies  the  left  side,  while  the  commissure  from  the  left  pleural 
ganglion  passes  under  (ventral  to)  the  alimentary  canal  to  the  right 
side,  and  there  gives  rise  to  a  ganglion,  the  suhintestinal  ganglion, 
which  supplies  the  right  side  {vide  also  fig.  510  a).  The  part  of  the 
visceral  commissure,  which  connects  the  supra-  and  sub-intestinal 
ganglia  often  contains  one  or  more  ganglia  {Vg,  A  g).  More  rarely 
this  crossing  is  less  cleai-ly  marked.  The  cerebral  ganglia  always 
give  off  a  pair  of  nerves,  one  on  each  side  of  the  ossophagus,  to  the 
buccal  ganglia,  which  give  off  nerves  to  the  mouth  and  alimentary 
canal  (fig.  497,  B  g). 

Sense  organs. — Eye?*,  auditory  vesicles  (otocysts),  tactile  and 
olfactory  organs  are  present. 

The  eyes  are  paired,  and  are  usually  placed  at  the  end  of  stalks, 
which  are  as  a  rule  fused  with  the  tentacles.  The  eyes  are  largest 
and  most  developed'  in  the  Ileteropoda,*  in  which  group  they  are 
fastened  in  special  transparent  capsules  and  admit  of  a  movement  of 
the  bulb. 

The  two  otocysts  are  ciliated  internally,  and  are,  except  in  the 
Heteropoda,  connected  with  the  pedal  ganglion  (fig.  497,  0  t), 
although  their  nerve  always  arises  in  the  brain. 

Tactile  organs  are  represented  by  the  tentacle?,  the  edges  of  the 
lips  which  are  often  folded,  and  lobe-like  prolongations  which  are 
found  here  and  there  on  the  head,  mantle  and  foot.  There  are 
usually  two  tentacles  ;  t  exceptionally  they  are  absent  {Pterotrachea, 
etc.).  They  consist  of  simple  contractile  prolongations  of  the  body 
wall,  which  can  sometimes  (P^i/?no?^a^a)  be  mvaginated  into  the  interior 
of  the  body.  Certain  peculiar  hair  cells,  from  which  tufts  of  hairs 
pi^oject  in  the  aquatic  Molluscs,  are  to  be  looked  upon  as  the  seat  of 
a  special  sensation.  They  are  scattered  over  the  whole  surface  of 
the  body,  and  are  especially  aggregated  upon  the  parts  of  the  body 

*  V.Hensen.  "  Ueber  das  Auge  einiger  Cephalophoren."  Zcit.fur  wiss.  Zool, 

Flermning.    "  Untersuchungen  iiber  Sinnesepithelien  der  MoUusken." 
Arch.fiir.  mih.  Anctoniie,  Tom.  VI.,  1870. 
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servinsf  for  the  tactile  sensation.  The  antennre  of  the  terrestrial 
Gastropods  possess  on  their  end-plates  a  great  number  of  fine  sense- 
cells  (club-shaped  cells  with  rods,  Flemming),  which  are  placed  between 
specially-modified  epithelial  cells,  and  probably  function  as  olfactory 
organs.  Recently  an  organ,  which  was  supposed  to  be  a  rudi- 
mentary gill  and  is  innervated  from  the   supraintestinal  ganglion, 


Tig.  511.— Anatomy  of  Helix  pomatia  (after  Cuvier).  The  mantle  cavity  is  opened  on  the 
left  side,  and  the  mantle  is  turned  over  to  the  right.  The  body  cavity  has  been  opened 
and  the  viscera  are  unravelled.  Cg,  cerebral  ganglion  ;  Sp,  salivary  giand ;  M,  stomach; 
-D,  intestine ;  Z,  liver ;  A,  anus ;  N,  kidney ;  At,  auricle ;  C,  ventricle ;  PI,  lung ;  Zd, 
hermaphrodite  gland,  invested  by  the  lobes  of  the  liver;  JEd,  albumen  gland;' Pr,' 
prostate  ;  Ut,  uterus  ;  Ms,  receptaculum  seminis ;  Dr,  finger-shaped  glands  ;  P«,  'dart 
sac;  P,  penis  ;  Fl,  flagellum;  Mr,  retractor  muscle;  Sp,  spindle  muscle. 

has  been  recognised  as  a  sense  organ  and  explained  as  an  olfactory  * 
oi"gan. 

In  the  Zeugobranchiata  {Fissurella,  Hcdiotis),  two  such  organs  are 
present,  one  on  the  right  and  the  other  on  the  left  side,  and  are 
indicated  by  a  considerable  ganglion. 

The  digestive  organs  rarely  have  a  straight  course;  they  are 

„  *  J- Spen|el  "  Die  Geruchsorgane  utid  das  Nervensystem  der  Mollusken." 
Zeit.  fur.ivm.  Zool.,  Tom.  ^ILKY. 
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Ufiually  much  coiled,  and  as  a  rule  bend  forwards  to  open  in  front 
on  the  right  side  in  the  mantle  cavity.  The  anus,  however,  Is  some- 
times on  the  dorsal  surface  behind. 

Many    of    the    higher  Gastropoda 
possess  an  invaginable  proVjoscis,  the 
invagination-  beginning  at  the  base ; 
others  possess  one  which  is  retractile 
from  the  point.  The  mouth  is  bounded 
by  lips,  and  leads  into  a  buccal  cavity 
armed  with  hard  masticating  structures, 
and  receiving  the  ducts  of  two  salivary 
glands.    The  buccal  cavity  leads  into 
the  oesophagus,  which  is  followed  by  a 
dilated  stomach,  usually  provided  with 
a  csecal  appendage.   The  stomach  opens 
into  an  intestine,  which  is  usually  long 
and  much  coiled,  and  surrounded  by  a 
very  large,  multi-lobed  liver.   The  liver 
occupies  nearly  all  the  upper  part  (upper 
coils)  of  the  visceral  sac,  and  pours  its 
secretion  into  the  intestine  and  also 
into  the  so-called  stomach  (fig.  511). 
The  arrangement  of  the  digestive  canal 
and  of  the  liver  presents  in  details  many  essential  modifications ;  one 
of  the  most  remarkable  is  that  ofiered  by  the  intestine  with  its 
hepatic  cieca  of  the  Phlebenterata 
(fig.  512).  The  terminal  portion  of 
the  intestine  is  distinguished  by  its  ^^,,„r^^^ 
size,  and  may  be  called  the  rectum.  Oe""" 

The  armature  of  the  buccal 
cavity  consists  partly  of  jaws 
placed  on  the  upper  wall,  partly  of 
the  so-called  lingual  ribbon  {radu- 
la),  placed  on  a  tongue-like  pro- 
jection of  the  ventral  surface  of 
the  buccal  cavity. 

The  jaws  consist  either  of  a  single 
curved  horny  plate,  placed  close 
behind  the  edge  of  the  lip,  or  of  two  lateral  pieces  of  very  difi^erent 
form  between  which,  in  some  Pulmonates,  there  is  an  unpan^ed 
piece     There  are  no  lower  jaws ;  but  on  the  floor  of  the  buccal 


Fig.  512. — Alimentary  canal  of 
JioKs  papulosa  (after  Hancock). 
Bm,  buccal  mass  ;  Oe,  oesophagus; 
Jf,  stomach,  L,  liver  sacs,  which 
enter  the  dorsal  appendages;  A, 
anus. 


Fig  513.— Longitudinal  section  through  the 
buccal  mass  of  J/f/io' (after  W.  Keferstein). 
O,  mouth ;  Mh,  buccal  cavity ;  M,  muscles; 
m  radula;  Zv,  lingual  cartilage;  Oc, 
oesophagus;  Kf,  jaws;  Z,  sheath  of 
itidula. 
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cavity  there  is  a  ridge,  partly  muscular  and  partly  cartilaginous^, 
which,  from  its  resemblance  to  the  tongue  of  the  Vertebrata,  has 
received  the  same  name  (fig.  513).  The  surface  of  this  tongue  is 
covered  by  a  tough  membrane,  known  as  the  lingual  ribbon  or  radula, 
on  which  are  arranged  transverse  rows  of  plates,  teeth,  and  hooks 
of  a  characteristic  form.  Behind,  the  radula  passes  into  a  cylindrical 
pocket,  the  so-called  radula  sheath  (fig.  513  which  projects  in  ^ 
tubular  manner  from  the  lower  (ventral  and  posterior)  end  of  the 
buccal  mass.  The  radula  is  secreted  in  the  radula  sheath.  The 
size,  number,  and  form  of  the  plates  and  teeth  on  the  surface  of  the 
radula  vary  in  different  forms,  and  afford  important  systematic 
characters  for  genera  and  families. 

In  the  transverse  rows  of  plates — the  so-called  segments  of  the 
radula  membrane — median,  intermediate,  and  lateral  plates  may  be 


Fig.  514. — a,  A  segment  of  the  radula  of  Fterotrachea  Lesueurii  (after  Macdonald).    b,  ditto 

Neretinafluviatilis  (after  S.  Lov^n). 

distinguished  (fig.  514  a,  h).  Troschel  believed  that  natural  divi- 
sions could  be  formed  according  to  the  special  structure  of  the 
armature  of  the  radula.  But  this  one-sided  systematic  treatment 
requires  many  corrections,  as  has  been  especially  shown  in  the  case 
of  the  Tsenioglossa  and  Rhipidoglossa. 

The  vascular  system  presents  numerous  and  essential  valuations. 
The  heart  is  enclosed  in  a  special  pericardium,  and  is  usually  placed  on 
one  side  of  the  middle  line  near  the  respiratory  organs  (fig.  515).  It 
usually  consists  of  a  conical  ventricle,  which  gives  off  the  aorta,  and 
of  an  auricle  which  is  turned  towards  the  respiratory  organs,  and  into 
which  the  blood  passes  by  veins.  In  some  Gastropods  (Gastropods 
with  two  gills,  Haliotis,  Turbo,  Nerita,  Fissurella,  etc.),  the  heart 
resembles  that  of  the  Lamellibranchs,  in  that  there  are  two  auricles 
and  the  ventricle  is  pierced  by  the  rectum.  The  aorta  usually 
divides  into  two  arteries,  of  which  one  passes  forward  and  gives  oflf" 
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many  branches  to  the  head  and  foot ;  while  the  other  passes  dorsal- 
wards  to  the  viscera  (fig.  515,  Aa,  Ac).  The  arteries  terminate  by 
opening  into  blood  spaces  of  the  body  cavity  without  special  walls, 
from  Avhich  the  blood  passes  either  through  the  branchial  (pul- 
monary) arteries,  or  directly,  without  traversing  intermediate  vessels 
{IleterojJoda  and  many  Nudihranchiata),  to  the  respiratory  organs, 
whence  it  is  returned  through  branchial  (pulmonary)  veins  to  the 
auricle.  The  arrangements  described  as  obtaining  in  the  Lamelli- 
branchiata,  by  which  water  is  able  to  enter  the  blood  spaces  and 
dilute  the  blood,  are  said  to  occur  also  in  Gastropoda. 

In  a  small  number  of  Gastropods  only  is  respiration  effected 


Fig.  515. — Nervous  system  and  circulatory  organs  of  Paludina  vivipara  (after  Leyrtig).  F, 
tentacle ;  Oe,  cesopliagus ;  Cg,  cerebral  ganglion  with  eye ;  Pg,  pedal  ganglion  with 
adjacent  otocyst ;  Vg,  visceral  ganglion;  Phg,  pharyngeal  ganglion;  A,  aui-icle  of 
heart ;  Ve,  ventricle  ;  Aa,  abdominal  aorta ;  Ac,  cephalic  aorta ;  V,  veins  ;  Vc,  afferent 
vein ;  Br,  giU. 

exclusively  through  the  general  integument.  By  far  the  greater 
number  breathe  through  gills,  and  many  through  lungs ;  a  few  com- 
bine branchial  and  pulmonary  respiration.  The  gills  are  usually 
foliaceous  or  pennate  cutaneous  appendages,  which  are  generally 
placed  between  the  mantle  and  foot  and  enclosed  by  the  mantle 
fold ;  in  rare  cases  they  are  exposed  and  placed  on  the  dorsal 
surface.  The  mantle  cavity  is  therefore  at  the  same  time  the 
respiratory  cavity. 

The  primitive  arrangement  of  the  gills  appears  to  be  that  found 
in  the  Zeugohranchiata,  in  which  there  are  two,  one  on  each 
side;  but,  usually  an  asymmetrical  development  takes  place,  and 
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one  gill  only  remains  (fig.  516).  The  respiration  of  air  is  confined 
to  some  Prosobranchiata  and  to  the  Pulmonata.  In  this  case  also 
the  mantle  cavity  serves  as  the  respiratory  cavity,  but  it  differs  from 
the  branchial  cavity  by  containing  air,  and  possessing,  instead  of  a 
o-ill,  a  rich  network  of  blood-spaces  and  vessels  on  the  inner  surface 
of  its  roof.  Both  branchial  and  pulmonary  cavities  communicate  by 
a  long  slit  along  the  mantle  edge  or  by  a  small  round  aperture, 
capable  of  being  closed,  with  the  external  medium.  Frequently, 
however,  the  edge  of  the  mantle  is  prolonged  into  a  long  respiratory 
tube  of  variable  length,  which  is  analogous  to  the  siphon  of  the 
Lamellihranchiata.  This  siphon  corresponds,  as  a  rule,  to  a  notch  or 
canal  of  the  shell  {vide  p.  32). 


P 

Fig.  516.— Anatomy  of  Casn»  cornuia  (after  Quoy)).  if,  proboscis;  Si,  siphon;  Br,  gill; 
Nlc,  olfactory  organ  (formerly  regarded  as  a  rudimentary  gill) ;  Spd,  salivary  gland ;  N, 
kidney ;  P,  penis. 

The  structure  of  the  respiratory  organs  has  become  of  importance 
for  the  classification  of  the  larger  groups.  According  to  the  position 
of  the  respiratory  organs,  with  regard  to  the  heart  and  its  auricle, 
two  great  divisions  can,  as  Milne  Edwards  has  pointed  out,  be 
established:  (1)  the  Opisthobranchiata,  in  which  the  aiiricle  and 
gills  are  placed  behind  the  ventricle;  (2)  the  Prosobranchiaia,  in 
which  the  auricle,  with  the  branchial  vein  entering  from  the  front, 
lies  in  front  of  the  ventricle.  As  far  as  this  character  is  concerned, 
the  Heteropoda  and  most  Pulmonata  are  allied  to  the  latter  group ; 
but  the  Pidmonata,  in  many  features  of  their  organization  and  in 
their  hermaphroditism,  stand  closer  to  the  Opisthobranchiata. 

The  kidney  (fig.  516)  is  the  most  important  excretory  organ  of 


40 


MOLLUSCA, 


the  Cephalo'phora.  It  corresponds  in  position  and  structure  to  the 
organ  of  Bojanus  of  Lamellibranchs.  It  is,  however,  usually  un- 
paired, and  lies  near  the  heart  as  an  elongated  tiiangukr  sac,  with 
spongy  (rarely  smooth)  walls  of  a  yellowish  brown  colour.  The 
secretion  of  the  gland  consists  mainly  of  hard  concrements,  which 
arise  in  the  lining  cells,  and  consist  of  uric  acid,  calcareous  and 
ammoniacal  salts.  It  opens  near  the  anus  into  the  mantle  cavity, 
either  immediately  by  a  slit  capable  of  being  closed,  or  by  a  special 
excretory  duct  running  with  the  rectum. 

The  Gastropoda  generally  possess,  in  the  roof  of  the  i-espiratory 
cavity,  a  mucous  gland,  which  often  pours  out  an  enormous  quantity 
of  its  secretion  through  the  mantle  orifice.  The  purple  gland 
{Purpura,  Murex)  lies  in  the  i-oof  of  the  mantle  cavity,  near  the 
rectum.  It  is  a  long,  whitish-yellow  glandular  mass,  the  colourless 
secretion  of  which,  according  to  the  investigations  of  Lacaze-Duthier, 
quickly  acquires,  under  the  influence  of  sunlight,  a  red  or  violet 
colour.  The  secretion  of  this  gland  was  known  to  the  ancients,  and 
prized  by  them  on  account  of  its  permanence.  The  coloured  fluid, 
which  is  excreted  from  pores  of  the  skin  of  many  Opisthobranchs, 
e.g.,  Ap)lysia,  must  not  be  confounded  with  the  genuine  purple. 

Another  gland,  whose  function  is  not  accurately  known,  is  the 
pedal  gland  of  Limax  and  Arion.  It  extends  thi-ough  the  whole 
length  of  the  foot,  and  consists  of  unicellular  glands,  the  delicate 
ducts  of  which  oj)en  into  the  band-shaped  main  duct.  The  latter 
opens  to  the  exterior  between  the  foot  and  the  head.  In  many 
naked  Pulmonates  (Arion)  there  is,  in  addition,  a  gland  at  the 
point  of  the  tail,  which  secretes  considerable  quantities  of  mucus 
with  gTeat  rapidity. 

Generative  Organs. — Some  of  the  Gastropoda  are  dioecious,  some 
are  hermaphrodite.  The  Pulmonata  and  Opisthohranchiata  are  her- 
maphrodite ;  the  Prosohranchiata  are  dioecious.  Almost  all  Gastro- 
pods lay  eggs,  usually  in  strings.  Only  a  few  bear  living  young, 
which  have  developed  from  the  fertilised  eggs  in  the  uterus. 

The  female  organs  consist  of  an  ovary,  oviduct,  albumen  gland, 
uterus  (dilated  and  glandular  part  of  the  oviduct),  vagina,  and 
receptaculum  seminis. 

The  male  organs  consist  of  a  testis,  a  vas  deferens  with  seminal 
vesicle,  a  ductus  ejaculatorius,  and  external  copulatory  organs. 

The  hermaphrodite  forms  are  distinguished  by  the  close  connection 
of  the  male  and  female  generative  glands  and  their  ducts ;  for  not 
only  are  the  latter  in   direct  communication  with  each  other, 
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but  the  ovaries  and  testes  are,  with  a  few  exceptions  {Actceon,  Janus), 
united  in  one  hermaphrodite  ghind,  which  is  usually  imbedded 
among  the  lobes  of  the  liver.  The  ova  and  spermatozoa  arise 
eithei°in  different  but  adjacent  follicles  of  the  lobed  or  branched 
hermaphrodite  gland  {Nudihranchiata),  the  ovarian  follicles  being 
placed  peripherally  to  the  semeniferous  follicles  {J^JoUs)  or  the 
epithelium  of  the  same  follicle  produces  in  one  part  ova,  in  another 
part  spermatozoa,  not  however  usually  at  the  same  time,  the  maturity 
of  the  male  element  preceding  that  of  the  female  (terrestrial  snails). 
The  efferent  duct  of  .the 
female  is  nearly  always 
provided  with  a  separated 
albumen  gland,  and  a  re- 
ceptaculum  seminis  (fig.  517). 
In  the  Helicidce  the  vagina 
bears  two  tufts  of  finger- 
shaped  glandular  tubes  and  a 
peculiar  sac — the  dart-sac — 
which  produces  in  its  interior 
a  dart-like  calcareous  rod. 
The  latter  —  the  so-called 
love-dart — is  attached  to  a 
papilla  at  the  base  of  the 
sac;  it  is  protruded  during 
copulation,  and  seems  to  play 
the  part  of  a  stimulating 
organ.    It  is  usually  broken 

during  use  and  is  replaced  Fig.  517.— Sexual  organs  of  the  Roman  Snail  (Helix 
latei"   bv    a    new   one      The      pomatia) .  Zd,  hermaphrodite  gland ;  Zg,  its  duct ; 

JEd,  albumen  gland ;   Od,  oviduct  and  seminal 
male  generative    opening   is      groove ;  F(i,  vas  deferens  ;  P,  protmsible  penis  ; 

always  in  connection  with  a      f  ■  fl'^f"'^^;  receptaculum  seminis;  B, 

_  nnger-shaped  gland ;  L,  Spiculum  amons ;  Go, 

protrusible  penis,  and  usually      common  genital  opening.   (After  Baasen). 

opens  with  the  female  into  a  common  lateral  cloaca. 

The  structure  of  the  generative  organs  in  the  dioecious  Gastropods 
resembles  that  of  the  hermaphrodite  forms,  A  receptacvilum 
seminis  and  an  albumen  gland  may  be  present  in  the  female 
{Paludina).  The  ovaries  and  testes  lie  hidden  among  the  lobes  of 
the  liver,  and  the  sexual  orifices  are  placed  laterally.  The  males 
almost  always  possess  a  projecting  penis,  which  is  either  perforated 
by  the  terminal  part  of  the  vas  deferens  [JBuccinuvi)  or  traversed  by 
a  furrow,  at  the  base  of  which  the  sexual  opening  is  placed.  When 
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the  penis  is  remote  from  the  sexual  opening,  a  ciliated  furrow  is 
present,  which  conducts  the  spermatozoa  from  the  opening  to  the 
penis  {Mitrex,  Dolium,  Strombus). 

The  embryonic*  development  begins  with  an  unequal  segmenta- 
tion leading  to  the  forniiition  of  a  blastula  or  gastrula.  Later  the 
embryo  acquires  a  ciliated  velum,  the  first  rudiment  of  the  ehell,  foot, 
and  primitive  kidney,  and  rotates  in  the  fluid  albumen  of  the  egg 
by  the  vibrations  of  the  cilia. 

The  free  development  is  either  direct,  the  just-hatched  anima 
possessing  (excepting  for  the  rudiments  of  larval  organs)  the  form 
and  organization  of  the  adult  {Pulmonata),  or  it  takes  place  by  a 
metamorphosis.     Almost  all  marine  Gastropoda  develop  by  meta- 


FiG.  518. — Some  stages  in  the  embryonic  development  of  Planorhis  (after  C.  Babl).  a, 
optical  section  through  a  sef?menting  ovum  (24  segments).  Rk,  polar  bodies;  Fh, 
segmentation  cavity.  6,  stage  with  four  mesoderm  cells,  viewed  from  the  vegetative 
(lower)  pole.  Ms,  mesoderm  cells ;  En,  endoderm ;  Ec,  ectoderm,  c,  Oblique  optical 
longitudinal  section  through  the  stage  with  four  mesoderm  cells,  d,  Older  embryo,  in 
"which  the  shell  gland  has  shifted  to  the  right.  Sdr,  shell  gland  ;  S,  shell ;  0,  mouth  ; 
J>,  alimentary  canal ;  M,  commencing  radula  ;  Sp,  apical  plate  (thickening  of  praeoral 
lobe) ;  Oc,  eyes ;  Ot,  otolith ;  N,  primitive  kidney ;  Ve,  velum. 

morphosis,  and  the  larvae  possess  two  large  ciliated  sails  (velum),  which 
serve  as  locomotory  organs  in  place  of  the  still  rudimentary  foot. 
The  shell,  which  is  already  present  on  the  dorsal  surface,  is  still  small 
and  flat  with  hardly  any  trace  of  the  spiral  twisting,  and  can  usually 
be  closed  by  an  operculum  which  is  attached  to  the  foot.  Yery  often 
a  change  of  shell  is  efiected,  the  old  embryonic  shell  being  thro^vn  off 
and  a  new  one  formed  in  its  place. 
*  Cf.  especially. 

N.  Bobretzky, "  Studien  iiber  die  embryonale  Eatwickelung  der  Gastropoden." 
Archiv  far  mik.  Anat.,  Tom  XIII.,  1876. 

C.  Uabl,     Ueber  die  Eutwickeluug  der  Tellerscbnecke."    Morph.  Jalirb. 

Tom  V. 

Also  Fol,  Biitschli,  R.  Lanktster,  etc. 
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By  far  the  majority  of  Gastropoda  are  marine ;  the  Basommato- 
phora  and  some  Prosohranchiata  {Paludina,  Valvata,  Melania, 
N-eretina,  etc.)  inhabit  fresh-water.  Many  Littorina,  Gerithia, 
Melania,  etc.,  live  in  brackish  water.  The  Gyclostomida},  and  the 
Stylommotophora  among  the  Pulmonates,  are  terrestrial.  Further, 
many  branchiate  Gastropods  are  able  to  live  for  some  time  out  of 
water  in  dry  places;  in  such  circumstances  they  are  withdrawn  into 
their  shells,  the  opening  of  which  is  closed  by  the  operculum. 
Almost  all  move  by  creeping;  some,  however,  as  Stromhus,  jump; 
others,  as  Oliva  and  Ancillaria,  swim  excellently  by  the  aid  of  the 
lobes  of  their  foot.  Some  marine  forms,  as  Magilus,  Vermetus,  etc., 
are  fixed  by  theix  shells;  a  few  only  are  parasitic,  as  Stylifer  on 
sea-urchins  and  starfishes,  Entoconcha  mirabilis  in  Synapta. 

The  method  of  nutrition  differs  as  much  as  the  habitat.  Many, 
especially  the  Siphonostomata,  are  voracious  predatory  animals,  and 
prey  on  living  animals ;  some  branchiate  Gastropods,  as  Murex  and 
Natica,  with  this  object  bore  into  the  shells  of  Molluscs;  several 
[Strombus,  Buccinum)  prefer  dead  animals.  An  equally  large 
number,  viz.,  almost  all  Pulmonates  and  holostomatous  branchiate 
Gastropods,  feed  on  plants. 

Order  1 . — Prosobranchiata.* 

Dioecious  branchiate  Gastropods  vxith  shell,  and  with  gills  in  front  of 
the  heart. 

Behind  the  usually  distinctly  separated  head  lies  the  respiratory 
(mantle)  cavity,  into  which  the  rectum,  kidney,  and  oviduct  open. 
In  rare  cases  two  gills  are  present,  as  a  rule  the  right  gill  is  absent. 
The  branchial  veins  enter  the  heart  from  the  front.  Cerebral,  pedal, 
pleural  and  visceral  ganglia  are  present.  The  males  are,  as  a  rule, 
more  slendei",  and  are  easily  recognized  by  the  large  penis  placed 
on  the  right  side  of  the  anterior  part  of  the  body.  In  the  generative 
organs,  the  accessoiy  glands  are  usually  absent.  The  eggs  are  sur- 
rounded by  albumen  and  laid  in  capsules,  which  are  frequently  fixed 
to  foreign  objects;  more  rarely  they  are  attached  to  the  foot  and 
carried  about  (Janthina). 

*  Fr.  Leydig,  "Ueber  Paludina  vivinara."  Zeit.  fur.  miss.  Zool.,  Tom  II., 
1850. 

E.  Clapar^de,  "Anatomie  und  EntwickeluiigsgescMchte  der  Neritina  flu- 
viatilis."    Milllcr^s  Archiv.,  1857. 

H.  Lacaze-Duthiers,  "  M^moire  sur  le  syst6me  nerv.de  I'Haliotideet  Memoire 
sur  la  Poupi'e.''    Ann.  des  Sc.  Nat.,  Tom  XII.  and  XIII 

N.  Bobretzky,  I.e. 
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Sub-order  1.  Placophora.*  Body  vermiform,  symmetrical,  with- 
out eyes  and  tentacles.  Ventral  surface  flattened  ;  dorsal  surface 
covered  hy  calcareous  j^tes  j[>laced  in  a  segmental  manner  one  hehi'nd 
the  other.    Gills  and  kidney  j>aired. 

The  Placophora  are  the  most  nearly  allied  of  all  Mollusca  to  certain 
forms  of  worms,  to  which  they  approximate  through  the  genera 
Neomenia  and  Choitoderma.  The  symmetrical  body  does  not  possess 
a  separated  head,  eyes,  or  tentacles.  The  integument  presents 
numerous  scattered  spines,  which  are  sometimes  hard  and  chitinous, 
and  sometimes  calcified ;  they  always  arise  in  special  follicles  lined  by 
ectoderm  cells.  In  addition  to  these  integumentary  structui-es,  which 
are  also  present  in  Chcetoderma,  there  are  a  series  of  broad  calcareous 
(1.?-.,-=^^  plates  on  the  dorsal  surface,  which  are  only 

exceptionally  covered  by  the  mantle  {Crypto- 
chiton),  and  which,  according  to  their  origin, 
represent  a  multivalve  Molluscan  shell.  The 
free  edge  of  the  mantle  is  moderately  thickened, 
and  under  it  on  each  side  is  placed  the  small 
mantle  cavity  as  a  furrow  containing  a  series 
of  leaf -like  gills  (fig.  519). 

Of  special  interest  is  the  simple  condition  of 
the  nervous  system  (fig.  495),  which  greatly 
resembles  that  of  the  Gephyrean-like  genera 
Neomenia  and  Clicetoderma.  Cerebral  ganglionic 
Pig. 519— CM/o?j  (spimferun)  Swellings  are  absent,  in  correspondence  with 
spinosm  (regne  animal).     ^-^^  want  of  eyes  and  tentacles.    Four  nerve 

trunks  pass  off  from  the  double  oesophageal  ring,  an  upper  lateral 
pair,  the  pallial  nerves,  and  a  ventral  pair,  the  pedal  nerves,  which 
latter  are  connected  by  transverse  commissures.  Pedal  and  viscei-al 
ganglia  are  not  separated  as  ganglionic  swellings  from  the  nerve 
stems.    Buccal  ganglia,,  on  the  contrary,  are  present. 

The  alimentary  canal  begins  with  the  mouth,  which  is  placed  on 
a  roundish  lobe ;  it  is  much  coiled,  and  extends  through  the  whole 
length  of  the  body,  to  open  by  the  anus  at  the  hind  end.    As  in 

*  A.  Th.  Middendorlf,  "  Beitrage  zu  einer  Malacozoologica  rossica.  1. 
Beschreibung  und  Anatomie  neuer  oder  fiir  Eussland  neuer  Chitonen."  3Iem. 
Acad.  Ii)ip.,St.  Petershurg,  1848. 

S.  Loven,  "  Ueber  die  Bntwickelung  der  Gattung  Chiton."  ArcJdv  fiir 
Naturgesch.,  ]  856. 

■  B-  Haller,  "  Die  Organisation  der  Chitonen  der  Adria."  Arleiten  a.  d.  Zool 
Inst,  in  Wien.,  Tom  IV.,  1882. 

Vide  also  Tullberg's  and  Graffs  works  on  Keomciiia  and  Choitoderma. 
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most  Ceplialopliora  (Odontopliora)  a  large  muscular  mass,  the  tongue, 
covered  by  a  hard  chitiuous  plate,  the  raclula,  is  found  upon  the  floor 
of  the  buccal  cavity.  The  heart,  on  the  other  hand,  more  nearly 
resembles  in  structure  and  position  that  of  the  Lamellibranchs,  in  that 
it  consists  of  two  auricles  opening  into  a  median  ventricle,  which  lies 
over  the  rectum. 

The  kidneys  are  paired,  and  open  right  and  left  in  the  mantle 
furrow ;  [they  also  open,  as  in  other  Molluscs,  into  the  pericardium]. 
The  Placophora  are  dioeciovis. 

Testes  and  ovaries  are  simple  unpaired  glands,  which  lie  im- 
mediately over  the  liver  and  alimentary  canal ;  their  ducts  open  on 
each  side  into  the  mantle  cavity  in  front  of  the  kidneys. 

The  development  of  the  egg  begins  with  an  equal  segmentation  ; 
subsequently  the  segments  of  one-half  of  the  ovum  divide  less 
rapidly.  This  half  is  invaginated,  so  that  a  gastrula  arises.  The 
larva  which  leaves  the  egg  membranes  resembles  Loven's  worm 
larva  in  the  possession  of  two  eye-spots  and  a  ciliated  ring,  and 
develops  without  a  larval  shell. 

Fam.  Chitonidae.  In  place  of  the  sliell,  eight  calcareous  pieces  are  present, 
which  are  so  arranged  that  the  hinder  edge  of  one  shell  piece  overlaps  the 
anterior  edge  of  the  next  following  piece. 

Cldton  squamosus  L.,  Mediterranean.    CryptocliUon  Stelleri,  Midd. 

Sub-order  2.  Cyclobranchiata.  Prosobranchiata  with  flat  plate- 
shaped  shell  and  foliaceous  gills,  which  are  arranged  in  a  closed  circle 
under  the  edge  of  the  mantle  round  the  broad  root  of  the  foot.  The 
buccal  lobes  are  little  developed.  The  foot  is  powerful,  and  usually 
flat  and  broad.  The  lingual  armature,  like  that  of  the  Placophora, 
is  formed  of  toothed  horny  plates,  hence  the  name  Docoglossa 
of  Troschel.  A  cervical  gill  placed  on  the  light  side  of  the  neck 
is  sometimes  present  {Lottia).  Two  Iddneys  are  present.  External 
copulatory  organs  absent.    They  feed  on  plants. 

Fam.  Patellidae,  (Limpets).  The  shell  is  bowl-shaped,  and  consists  of  a  single 
piece,  to  which  the  animal  is  attached  by  a  horse- shoe-shaped  muscle.  Head 
with  two  tentacles,  at  the  swollen  base  of  which  are  placed  the  eyes.  Tongue 
extraordinarily  long  and  spirally  coiled.  The  radula  is  without  the  median 
plates,  while  the  intermediate  and  marginal  plates  are  raised  to  hooks,  and 
smaller  lateral  plates  appear. 

Patella  L.  The  apex  of  the  shell  is  slightly  eccentric,  and  hardly  inclined 
to  the  front.  P.  easrulea  L.,  P.  tarentina  Lam.,  P.  scutdlaris  Lam.,  Adriatic 
and  Mediterranean.  Nacella  Schum.  Circle  of  gills  broken  on  the  head ;  the 
apex  of  the  pellucid  shell,  shining  internally  like  mother-of-pearl,  bent  forwards. 
N.  pellucida  L. 

Sub-order  3.  ZeugobrancMata.    Gills  bipennate,  paired  and  sym- 
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metrical.  Anterior  border  of  mantle  deeply  cleft,  in  eoirespondence 
with  whicli  the  sliell  is  perforated  or  provided  with  a  slit  on  its  outer 
lip.  Kidneys  paired,  that  of  the  left  side  rudimentary.  Auricle 
paired;  ventricle  perforated  by  rectum.  Tongue  rhijndofjlossal, 
in  that  the  complicated  radula  bears  in  each  transverse  row,  m 
addition  to  the  median  and  intermediate  plates,  a  great  number  of 
hxteral  plates  which  are  arranged  in  a  fan-like  manner  and  the  upper 
edges  of  which  are  bent  into  the  form  of  hooks.  Tliey  are  all 
herbivorous,  and  are  without  a  retractile  proboscis  or  siphonal  tube 
at  the  shell  aperture.  They  often  possess  filiform  appendages  on 
the  foot.    A  penis  is  not  developed. 

Fam.  rissurellidae.  Shell  cup-  or  cap-shaped,  with  an  aperture  at  the  apex 
or  an  anterior  marginal  excavation  for  the  entrance  of  water  into  the  mantle 
cavity,  which  contains  two  symmetrical  gills.  Mantle  edge  fi-irigcd.  The 
animals  resemble  the  Patellidce,  are  provided  with  tentacles  and  a  large  foot. 
Fissurella  Brug.    Shell  with  longish  ape;rture  through  the  apex,  which  is 

placed  in  front  of  the  middle. 

F  ^   ^  Blainv.)  Australia. 

Fig.  520.- Comis  fca;<ais  (regne  animal).  JE,  proboscis;       Fam. Haliotidae.  Sea-ears, 

-Si,  siphon ;  F,  tentacle ;  0,  eye.  ormers.     Shell    flat,  ear- 

shaped,  internal  mother-of- 
pearl  lustre,  with  a  row  of  holes  on  the  left  side.  The  mantle  cavity  is  on 
the  left  side  and  contains  two  gills,  of  which  the  right  is  the  smaller.  Foot 
fringed,  with  a  broad  pedal  surface.  Head  with  two  long  tentacles  and  short 
stalked  eyes.  Haliotis  L.  Spiral  of  shell  small  and  flat.  Foot  projecting 
slightly  over  the  shell.    IT.  tuhercvlata  L.,  Adriatic  and  Mediterranean. 

Sub-order  4.  Ctenobranchiata  (Anisobranchiata,  e.p.).  With  large 
cervical  gill  of  pectinate  form  on  the  left  side  with  small  olfactory 
organ  (so-called  rudimentary  gill,  fig.  516,  Nk).  A  spiral  shell  is  very 
generally  present  (fig.  520).  The  male  possesses  a  penis  on  the  right 
side.    Most  are  carnivorous  and  possess  a  protrusible  proboscis. 

1.  Rhipidoglossa.  Each  transverse  row  of  the  radula  with 
numerous  lateral  plates  arranged  in  a  fan-like  manner  (fig.  514,  h). 

Fam.  Trochidee,  (Top  shells).  With  conical  shell  and  spiral  oper- 
culum. Foot  prolonged  into  cirri  and  lobes.  Eyes  on  short  stalks.  TurJw  L. 
With  roundish  (convex)  windings,  round  aperture,  and  buccal  edge  somewhat 
cut  off.    T.  rufjosiis  Lam.  Troolivs  L.    With  angular  windings,  buccal  edge 
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divided  above,  and  outer  lip  thin.  Tr.  varius  L.,  Adriatic  and  Mediter- 
ranean. 

Fam.  Neritidee  (Neritacea).  With  thick,  hemispherical  shell  and  operculum. 
Eyes  stallced,  behind  the  two  long  tentacles.  Proboscis  short,  often  bilobed. 
Foot  large,  triangular.  Heart  perforated  by  rectum,  with  two  auricles.  JVerita 
L.  Shell  thick,  hemispherical,  spiral  lateral ;  aperture  semi-circular.  N.  riigata 
Eecl.  ;  N.  {Neritiiia)  Jiuviatilis  L.  ;  Navioella  Lam.  ;  N.  ellijptica  Lam. , 
Pacific  Ocean. 

2.  Ptenoglossa. — Without  siphon,  aperture  of  shell  entire,  without 
excavation  or  canal.  Tongue  armed  with  rows  of  numerous  small 
hooks  and  without  the  median  plates. 

Fam.  JantMnidis.    Jantldna  hicolor  Menke,  Mediterranean. 
Fam.  Solariidae,  (Wentle-traps).    Soalaria   communis  Lam.,  So.  jpretiosa 
Lam.,  East  Indies.  Solarium  ]jerspectiv%m  Phil.,  Mediterranean. 

3.  Rhachiglossa. — With  long  proboscis  invaginable  from  the  base. 
Tongue  long  and  narrow  with  at  most  three  plates  in  each  transverse 
row,  a  toothed  median  plate  and  an  intermediate  plate  on  each  side, 
which  are  often  reduced  to  mere  hooks,  and  may  be  absent.  All 
possess  a  siphon  and  are  predatory. 

Fam.  Volutidae  (Faltenschnecken).  Valuta  nndtdata  Lam.,  New  Zealand  ; 
V.  vespertilio,  East  Indies  ;  Gymhium  cctMojncuvi  L. 

Fam.  Olividse.  Oliva  utrioulus  Lam.,  Indian  Ocean;  IlarjM  ventricosa 
Lam.,  New  Guinea. 

Fam.  Muricidse  (Canaliferae).  Murex  hmndaris  L.,  Mediterranean.  Fusus 
au-ttralis,  Q,\xoj  Gaim.  Columbella  mereatoria  L.,  Atlantic. 

Fam.  BuccinidaB.  Whelks.  Buccinum  undatum  L.  ;  JVassa  reticulata  L. 
Mediterranean  ;  Piirjjura  la;pillus  L.,  North  Sea. 

4.  Toxoglossa. — Tongue  with  two  rows  of  long  hollow  hooks,  which 
can  be  protruded  from  the  mouth.  All  possess  a  siphon,  and  usually 
prey  on  marine  animals. 

Fam.  Conidse  (fig.  520)  (Kegelschnecken).    Conus  litteratus  L.,  East  Indies. 
Fam.  Terebridse  (Schraubenschnecken).    Terebra  dimidiata  Lam. 
Fam.  Pleurotomidae.  Pleurotoma  nodifera  Lam. ;  Cancellaria  Lam.  ;  C.  can- 
cellata,  Lara. 

5.  Taenioglossa. — In  each  transverse  row  of  the  elongated  radula 
there  are  usually  seven  plates.  Two  small  jaws  usually  found  at  the 
mouth  entrance. 

Holostomatous  are  : — 

Fam.  Littorinidae,  (Winkles).    Littorina  littorea  L. 
•  Fam.  Cyclostomidae.    Respire  air  like  the  Pulmonata  by  vessels  of  the  mantle 
cavity.    Live  in  damp  places  on  land.    Cyclostoma  elegans  Drap. 

Fam.  Paludinidse,  (Flusskiemenschnecken).  Inhabit  fresh  water.  Paludina 
vivipara  L.  ;  P.  imjmra'L&m. 

Fam.  Vermetidae,  (Wurmschnecken).    Vcrmetus  aroiarins  L. 

Fam.  Cerithiidae.    Ceritlvmm.  Icevc  Quoy  Gaim. 
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Siphouostomatous  are  : — 

Fiini.  CypreeidsB,  (Oowries).    Cijpra-a  tit/rix  Lam  ;  C.  mni.eta  L. 
Fam.  Tritoniidae,  (Tritoushoruer).    Tritoiuum  'oarieyatum  Brug.  ;  Jlanclla 
gigantca  Lam. 

Fam.  Doliidae.    ChuKix  coruvta  Lam.  ;  Dolhnn  galea  L.,  Mediterranean. 

Fara.  StrombidsB  (Alata)  (Flugelschiiecken).  Stroiiibun  Jmbvlla  Lam.  ; 
Pterouerax  lamhis  Lam.  ;  Itoxtcllaria  rectivoHtru  Lam. 

Fam,  NaticidsB.  Natioa  ampullaria  Lam.  ;  S'ujarctus  haliotuidcus  L. , 
Atlantic. 

Fam.  Capulidae,  (Miitzenschnecken).  Cajmlus  hungarious  L.,  Adriatic  ; 
CalyptrccU'  riigom  Desh. 

Fam.  AmpuUariadae,  (Doppelathmer).  With  branchial  and  pulmonary  cavity. 
In  rivers  of  hot  couutrics.    AvtjmUaria  cdclcnsu  Qiioy.  ;  A.  'polita  Desh. 


Order  2. — Heteropoda.* 

Pelagic  Gastroiwcla  with  Jin-like  foot,  large  pj'ojecting  head  and 
highly-developed  moveable  eyes.  Dioecious. 

The  body  (fig.  521)  of  the  Heteropoda  is  usually  cylindrical  and 
elongated  and  prolonged  into  a  proboscis-like  projecting  head,  which 
carries  large  well-developed  eyes  and  tentacles,  and  encloses  a  power- 
fully-armed protrusible  tongue  (fig.  514  a).  The  main  peculiarity  of 
the  body  consists  in  the  formation  of  the  foot,  the  anterior  and 
middle  portion  (j^jro-  and  meso2)odium)  of  which  is  modified  to  the 
form  of  a  leaf-shaped  fin,  often  provided  with  a  sucker  (fig.  521  S); 
while  the  hinder  section  [ineta23odium)  is  considerably  elongated  and 
extended  far  backwards,  and  seems  to  form  the  caudal  continuation 
of  the  body.  The  visceral  sac  is  either  spirally  twisted,  and  en- 
closed by  a  mantle  and  spiral  shell  {Atlanta),  or  has  the  form  of  a 
saccular  and  projecting  mass,  which  is  placed  at  the  limit  of  the 
hinder  region  of  the  foot,  and  is  likewise  covered  by  the  mantle  and 
a  hat-shaped  shell  {Carinaria,  fig.  521);  or  finally  the  visceral  sac 
is  reduced  to  a  very  small,  scarcely-projecting  nucleus,  which  is 
covered  on  the  front  side  by  a  membrane  with  a  metallic  lustre  and 
is  completely  without  a  shell. 

The  nervous  system  is  more  highly  developed  than  that  of  any 
other  Gastropod.  The  two  large  eyes  are  placed  near  the  tentacles 
in  special  capsules,  in  which  they  are  moved  by  several  muscles.  The 

*  Souleyet.    "  H^teropodes.    Voyage  autour  du  monde  ex6cut^  pendaut  Ics 
anrees  1836  et  1837  sur  la  corvette  la  Bonite,  etc,"  Tom  IL  Pans,  18o2 
R  Leuckart.    "  Zoologische  Untersuchiingen,"  Heft  III.  Giesseu,  lh54. 
C.   Gegenbaur.     "  Untersuchungen  iiber    Pteropoden  und  Heteropodcn. 

^Xfoi!^^"  Sur  le  Ddveloppement  des  H^teropodes."  Arch,  de  Zool.  experim. 
Tom  v..  1876. 
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large  auditory  vesicles  each  receive  a  long  auditory  nerve  fi-om  the 
cerebral  ganglion,  and  are  characterised  not  only  by  the  remarkable 
vibrations  of  the  long  tufted  cilia  of  their  epithelium,  but  also  by  the 
arrangement  of  the  nerve  cells  (group  of  hair  cells  of  the  macula 
acustica  round  a  large  central  cell,  fig.  83).  In  addition  numerous 
peculiar  nerve-endings  in  the  skin,  which  appear  to  serve  the  tactile 
sensation,  and  the  so-called  ciliated  organ  on  the  anterior  side  of  the 
visceral  sac,  are  present.  The  latter  has  the  form  of  a  ciliated  pit, 
under  which  is  placed  the  ganglionic  swelling  of  a  nerve  which 


Fig.  521. — Male  of  Carinaria  mediterranea  (after  Gegenbaur).  P,  foot ;  S,  sucker;  O,  mouth; 
Bm,  buccal  mass  ;  M,  stomach ;  Sp,  salivary  gland ;  L,  liver ;  A,  anus ;  C&,  cerebral 
ganglion;  Te,  tentacles  ;  Oc,  eye;  O/,  auditory  vesicle  ;  5  (?,  buccal  ganglion ;  P^,  pedal 
ganglion ;  Mg,  mantle  ganglion  ;  iV,  kidney  ;  Br,  gills  ;  At,  auricle  ;  Ve,  ventricle  ;  Ar, 
anterior  aorta  ;  Z,  posterior  branch  of  same.;  T,  testis  ;  Vd,  vas  deferens  ;  Wp,  ciliated 
furrow ;  Be,  penis  ;  F,  flagellum  with  gland. 

arises  in  the  visceral  ganglion  ;  it  has  the  value  of  an  olfactory 
organ. 

The  males  are  distinguished  by  the  possession  of  a  large  copulatory 
organ,  which  projects  freely  on  the  right  side  of  the  body  ;  the  males 
of  Pterotrachea  also  possess  a  sucker  on  the  foot.  In  Atlanta  and 
Carinaria  the  sucker  is  present  in  both  sexes.  The  testes  and 
ovaries  fill  the  posterior  part  of  the  visceral  sac  and  are  partially 
imbedded  in  the  liver.  The  ducts'  viz.,  vas  deferens  and  oviduct, 
open  on  the  right  side  of  the  body ;  the  former  at  some  distance  from 
the  organ  of  copulation,  to  which  the  sperm  is  conducted  from  the 
sexual  opening  in  a  ciliated  furrow.    The  copulatory  organ  consists 
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of  two  parts  placed  side  by  side,  (1)  the  penis  with  the  continuation 
of  the  ciliated  groove  ;  and  (2)  the  gland  rod  which  encloses  a  longish 
gland.  The  oviduct  (fig.  90)  is  more  complicated,  inasmuch  as  a 
large  albumen  gland  and  a  receptaculum  semiuis  open  into  it ;  its 
dilated  terminal  part  acts  as  a  vagina. 

The  lleteropoda  are  exclusively  pelagic  animals,  and  they  are  often 
found  in  great  numbers  in  the  warmer  seas.  They  are  somewhat 
clumsy  in  their  movements,  which  are  effected  with  the  ventral 
surface  uppermost  by  oscillations  of  the  whole  body  and  the  fin. 
They  are  all  carnivorous.  When  the  tongue  is  protruded,  the  lateral 
teeth  fly  apart  from  one  another  like  the  limbs  of  forceps,  and  when 
retracted  they  again  fall  together.  By  means  of  these  prehensile 
movements  small  marine  animals  are  seized  and  drawn  into  the 
mouth. 

Fam.  Pterotracheidae.  Carinaria  mediterranea  Lam.,  Pterotrachea  coronata 
Forsk.,  Mediterrauean. 

Fam.  Atlantidse.    Atlanta  Peronii  Less.,  Mediterranean. 

Al 


Fig.  521.— Avion  empiricorum  (regne  animal).   Al,  respiratory  aperture. 

Order  3. — Pulmonata.* 

Terrestrial  and  fresh-water  Gastropods  with  lung  which  is  placed  in 
front  of  the  heart.  Hermaphrodite. 

The  roof  of  the  mantle  cavity,  as  in  the  Cyclostomidas,  is  pro^dded 
with  a  network  of  vessels  for  aerial  respiration.  The  mantle  (pul- 
monary) cavity  opens  to  the  exterior  on  the  right  side  by  a  respiratory 
aperture  (fig.  522.)  The  mantle  cavity  of  the  young  of  the  fresh- 
water Pulmonates  is  at  first  filled  with  water,  and  only  later  with 
air.  Some  species  of  Planorhis  and  Limnceus  retain,  during  the 
whole  time  of  their  life,  the  ability  to  breathe  both  in  air  and  water 
(some  Linmceus,  with  lungs  full  of  water,  have  been  dredged  up  at 

*  L.  Pfeiffer, "  Monographia  Heliceonim  viventium."  Leipzig,  1848-1869 ;  and 
"  Monoerapbia  A-urlculaceorum  viventium."    Cassel,  1856. 
A  Kossmassler,  "  Iconographie  der  Land-und  SusswassermoUusken  Europas. 

^'FSsic^et  Deshayes,  "  Histoire  naturelle  g^nj^rale  et  particuli^re  des 
MoUusques  terrestres  et  fluviatiles."    Pans,  1829-18ol. 
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considerable  depths  in  Lake  Constance).  The  anus  and  renal  open- 
ing are  placed  near  the  respiratory  aperture,  sometimes  in  the 
respii-atory  cavity  itself.  The  generative  organs  open  some  way  in 
front,  but  on  the  same  side.  In  the  forms  with  a  left-handed  spiral, 
the  respiratory  orifice,  anus  and  generative  opening  are  on  the  left 
side.  Some  Pulmonates  are  naked,  or  possess  only  rudiments  of  the 
shell  in  the  dorsal  integument ;  others  carry  a  relatively  thin  and 
usually  right-handed  shell.  Physa,  Planorhis,  and  Clausilia  alone 
present  a  left-handed  spiral.  A  true  operculum  is  absent.  On  the 
other  hand,  many  forms  secrete  temporarily  a  winter  operculum. 

While  the  Pulmonates  (with  some  exceptions)  resemble  the  Proso- 
branchs  in  the  position  of  the  heart  behind  the  respiratory  organs, 
in  the  arrangement  of  other  organs,  e.g.,  the  nervous  system,  they 
more  resemble  the  Opisthobranchs.  The  dentition  consists  of 
an  unpaired,  horny,  and  usually  longitudinally-ribbed  upper  jaw 
(which,  however,  may  be  absent)  and  of  a  radula,  which  is  covered 
with  a  great  number  of  toothed  plates  in  longitudinal  and  trans- 
verse rows.  All  are  hermaphrodite.  A  few,  e.g.,  species  of  Clausilia 
and  Piqxi,  are  viviparous.  Most  Pulmonates,  however,  lay  eggs, 
either  as  in  the  fresh-water  forms  united  in  tubular  or  flat  masses  on 
water-plants,  or  as  in  the  terrestrial  forms  in  damp  places,  each  one 
being  surrounded  by  a  protecting  calcareous  shell.  The  ovum  is 
always  contained  in  a  large  mass  of  albumen,  which  serves  as 
nourishment  to  the  developing  embryo. 


I. — Basommatophora. 

The  eyes  lie  at  the  base  of  the  two  tentacles.  Present  many 
resemblances  to  the  Tectihranchiata. 

Fam.  Limnaeidae.  Limnceus  morieuUris  Drap.,  (Pond  snail);  L.  staqnnlis 
O.  Fr.  Muller  ;  Physa  fontinalis  L.,  Planorlis  corncvs  I .,  Ancylm  Jiuviatilis 
Blauiv. 

-Fam  Auriculidae.  Auricula  Judce  Lam.,  A.  Midcs  Lam.,  CarycUum  mini 
mum,  0.  Fr.  Mull. 

II. — Stylominatophora. 

The  eyes  lie  at  the  tips  of  two  usually  retractile  tentacles  (posterior 
tentacles). 

Fam.  Peroniadae  {Amphipneusta).  Lung  behind  heart  (Opisthopulmonate). 
Peroma  vermlata  Cuy.,  Veronicella  Blainv.,  OncUdivm  Buchan 

i^am.  Limacidee  (Naked  snails).  Avion  Fer.  Sexual  opening  beneath  the 
respuatory  ouhce  in  front  of  the  middle  of  the  dorsal  shield.    Back  without  a 
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ieel,  with  caudal  plane!  and  mucous  aperture  at  end  of  body.  A.  empiricorvm 
FtSr.,  Limax  L.    Respiratory  aperture  behind  the  middle  of  the  ri^lit  edge  of 

the  mantle.  Sexual  opening  far  removed  f  j  om  respira- 
tory aperture  behind  the  right  tentacle.  Back  keeled , 
without  caudal  ffland  and  mucous  orifice.  L.  agregtm 
L.,  L.  cincrnin  0.  Fr.  MUll. 

Fam.  Helieidae.  Succinea  aviphihia  Drap.,  Pvpn 
wmcofum  L.,  CLaimlia  hidimg  Drap.,  Bulimug  montti- 
nvs  Drap.,  Hdix  j^omatia  L.  (lloman  snail),  //. 
nemofalis  L. 

Order  4, — Opistiiobranciiiata.* 

Hermaphrodite  Gastropods,  vnlh  flat  foot. 
Branchial  veins  open  into  the  auricle  behind 
the  ventricle. 

The  great  majority  of  this  order  are  without 
T-      ceo    T,  ■   /  ^         a  shell.    The  branchial  cavity  never  contains 

Fia.    523. —Dong  (Aeanfho- 

dirk)  pilosa  (Bronn).  Sr,  more  than  One  gill.  The  gills  are  usually 
gills,  4,  anus,  jp',  tentacle,  g^posed  (tig.  523)  or  absent.  Sometimes  there 
are  dorsal  processes,  into  which  appendages  of  the  alimentaiy  canal 
enter  (fig.  525).  The  nervous  system  contains  cerebral,  visceral  and 
pedal  ganglia  (except  in  Tethys,  which  has 
a  fused  ganglionic  mass  and  simple  oesopha- 
geal commissure).  The  branchial  veins,  with 
a  few  exceptions  (Gastropteron),  enter  the 
heart  from  behind. 

Sub-order  1.  Tectibranehiata.  Gill  al- 
most always  on  the  right  side,  covered  by 
the  mantle  edge  or  placed  in  a  dorsal 
branchial  cavity.  Shell  usually  present 
(fig.  524). 

Fam.  Pleurobranchidee.  With  large  gill  on  right 
side,  and  usually  internal  shell.  Plcurohranohaa 
Meckclii  Cuy.,  Plewohranclms  aurantiacus  Cuv., 
Umbrella  meditcrranea  Lam. 

Fam.  Aplysiadse  (Sea-hares).  Shell  covered  by 
two  lobes  of  the  foot.  Aplysia  depilans  L., 
Mediterranean. 

Fam.  Bullidse.  Bulla  ampulla  L.,  Ph  il  hie 
aperta  L.,  Acera  hullata  0.  Fr.  Miill. 


Ftg.  524.-  FUurohranchii»  aurnn- 
tiacui  (regne  animal).  Br, 
gOls  ;  P,  penis  ;  F,  tentacle ; 
R,  proboscis. 


Sub-order  2.  Nndibranchiata.    Marine  Gastropods,  without  shell 


*  Alder  and  Hancock,  I.  c.  H.  MuUer  and  C.  Gegenbaur,  "  Ueber  Phyllirhoe 
bucephalum."    Zeit.f.  iviss.  Zool.,  Tom  lY.,  1854. 
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or  mantle.  The  gills  project  freely  on  the  dorsal  surface,  and  may 
receive  appendages  of  the  alimentary  canal. 

Fam.  Tritoniadffi.    Gills  in  two  longitudinal  rows  on  the  back. 
IlomVergii  Guv.,  Sinjllcea 2)elcigica  L. 

To  this  family  is  allied  Tetliys  fimhriata  L.,  with  con- 
centrated ganglionic  mass,  without  radula  and  buccal 
mass. 

Fam.  Dorididse.  Gills  in  circle  round  anus  (fig.  523). 
Dons  cocoinm  Forb.,  D.  tulerculata  Guv.,  Adriatic  and 
Mediterranean. 

Fam.  .ffiolididae.  Numerous  processes  on  dorsal  surface, 
into  which  diverticula  of  the  alimentary  canal  pass 
{Phleientcrata).  Jiolu  papillosa  L.  (fig.  526),  Tergipes 
Edwardsi  Nordm.  Here  are  allied  PhylUrlioe  iucepJia- 
hnn  Per.,  and  the  Pltyllicliidce. 

Sub-order  3.  Saccoglossa.  Gills  absent,  or  as 
simple  appendages  of  the  dorsal  integument.  The 
radula  with  a  single  row  of  toothed  plates,  of  which 
the  anterior,  after  they  are  worn  out,  fall  into  a 
pocket  developed  on  the  floor  of  the  buccal  cavity. 


Fam.  Limapontiadae.  Limajjontia  atra  Johnst. 
Fam.  Elysiadae.  Elysia  vividis  Ok. 


Fig.  525. — JEolis  pnpiU 
losa  (Bronn),  Hp,  dor- 
sal papillfB. 


Class  III.— PTEROPODA.  * 

Hermaphrodite  Mollusca  witliout  sharply  separated  head,  with  two 

large  wing-like  fins,  often 
with  cephalic  cones. 

The  body  is  sometimes 
elongated  and  straight, 
sometimes  with  its  hinder 
part  spirally  rolled.  The 
anterior  region  bears  the 

*  Eang  et  Souleyet,  "His- 
toire  naturelle  des  MoUusques 
Pteropodes."    Paris,  1852. 

C.  Gegenbaur,  "  Unter- 
suchungen  iiber  die  Ptero- 
poden  und  Heteropoden." 
Leipzig,  1855. 

A.  '  Krohn,  Beitrage  zur 
Entwickelungsgeschichte  der 
Pteropoden    und  Hetcropo- 
TT   r,,    «c      1     ■,     ,  den."^  Leipzig,  1860. 

H.  i^ol,     Sur  le  d^veloppement  des  Pteropodes."    Archives  do  Iwoloqie 


Fis.  52). — 7,  Piieumodermon  violaeeum  from  the  ventral 
side,  b,  Clione  australis  from  the  side  (Bronn).  FL, 
fins ;  Te,  tentacles. 


exjferimnntale,  etc.,  Tom,  IV.,  1875. 
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mouth  and  tentacles  but  is  hardly  separated  off  as  a  distinct  head  • 
beneath  the  mouth  there  are  two  large  lateral  fins  which  morpho- 
logically are  to  be  explained  as  paired  parts  (epipodia)  of  the  foot 
(the  unpaired  part  is  rudimentary),  and  which,  by  their  wing-like 
flappings,  cause  the  movement  of  the  animal.  The  body  is  either 
naked  (fig.  526)  a.nd  without  distinctly  separate  mantle,  or  there' is 
a  shell  of  very  various  shape,  into  which  the  body  with  the  fins  can 

usually  be  completely  with- 
drawn, and  which  may  be 
horny,  gelatinous  and  cai-tilagi- 
nous,  or  calcareous,  and  is  al- 
most always  symmetrical.  In 
the  last  case  (presence  of  shell) 
the  mantle  is  usually  very  com- 
pletely developed  and  encloses 
most  of  the  body  to  the  region 
of  the  fins,  behind  which  the 
slit-like  entrance  to  the  mantle 
cavity  is  placed.  The  integu- 
ment usually  contains  calcareous 
concretions,  cutaneous  glands, 
and  pigment  cells,  which  may 
give  the  body  a  dark  brown, 
sometimes  brownish,  or  even 
reddish  colour. 

The  mouth  is  sometimes  sur- 
rounded by  several  arm-shaped 
processes    (Clio),    or   by  two 

Fio.  527.-Creseis  ocicula  froui  tlie  dorsal  side  p^cesses    beset    with  SUckers 
(after  Gegenbaur).    The  hinder  part  of  the  body 

is  omitted,  i^i,  fins ;  0,  mouth  ;  Oes,  oesophagus ;  [Pneumodermon),  the  cephalic 

P,  median  lobe  of  the  foot;  F,  tentacle;  &</,  ^^^^^^  gggX       Jfc  Igads  into 

cerebral  ganghon  ;  Afn,  mantle  nerve  ;  Jr«,  cilia-  . 

tedshield;  M,  stomach;  jSi,  blind  sac  of  stomach  ;  a    buCCal    Cavity,    armed  with 

A  anus;  i\r,  kidney  ■  Oe.  openiag  of  kidney  into  .  toothed  radula  ;  at  the 

the  mantle  cavity;  At,  auricle;  Ve,  ventricle;  J 

G,  sexual  gland  ;  R,  retractor.  bottom  of  the  mOUth  the  long 

oesophagus  begins  (fig.  527).  The  ojsophagus  leads  into  a  dilated 
stomach,  which  is  followed  by  a  long,  coiled  intestine,  which  is  sur- 
rounded by  the  liver  and  bends  laterally  and  forwards.  The  anus  is 
usually  in  the  mantle  cavity  on  the  right  side  and  near  the  front  end. 

The  circulatory  organs  are  reduced  to  arterial  vessels ;  the  main 
trunks  arise  from  the  spherical  ventricle.  The  veins  are  replaced  by 
a  system  of  lacunae  of  the  body  cavity  without  special  walls,  into 
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which  the  arteries  open.  The  blood  returns  from  the  lacunae  through 
the  respiratory  organs  to  the  pericardiiil  sinus,  whence  it  enters  the 
auricle  through  the  venous  ostium. 

The  respiratory  organs,  as  far  as  they  are  not  represented  by  the 
whole  integument  {Clio),  have  the  form  either  of  foliaceous  branchial 
appendages  {Pneumodermon)  at  the  hind  end  of  the  body,  or,  m  the 
shell-bearing  forms,  of  internal  gills  placed  within  the  mantle  cavity, 
the  entrance  to  which  is  lined  with  peculiar  ciliated  bands.  The 
gHls  are  always  but  slightly  developed,  and  are  reduced  either  to 
folded  elevations  of  the  cUiated  mantle-wall,  or  to  the  mantle-wall 
itself. 

The  kidney  is  an  elongated  contractile  sac,  which  communicates 
with  the  pericardial  sinus  by  a  ciliated 
funnel,  and  with  the  mantle  cavity  or 
directly  with  the  exterior  by  a  strongly 
ciliated  opening  which  is  capable  of 
being  closed. 

The  nervous  system  resembles  that 
of  the  higher  Opisthobranchs.  Pleural 
ganglia  are  present.  The  cephalic  cones 
receive  their  nerves  from  the  brain  ;  the 
two  fins  as  parts  of  the  foot  from  the 
pedal  ganglia. 

Sense  organs. — A  pair  of  auditory 
vesicles  are  always  present.  Eyes'  on 
the  other  hand  are  absent  or  very  rudi- 
mentary, as  red  pigment  spots  [Hyalea) 
placed  either  on  the  visceral  sac  near 
the  oesophageal  ring  or  on  the  tentacles 
[Clio).  Tactile  organs  are  represented  by  two  small  tentacles 
{Hyalea,  Cymbulia)  and  the  larger  cephalic  cones  which  are  some- 
times beset  with  suckers  {Clio  and  Pneumodermon). 

The  Pteropoda  are  hermaphrodite.  The  hermaphrodite  gland  lies 
near  the  heart  behind  the  stomach  in  the  visceral  sac,  and  usually 
possesses  a  common  duct  which  is  provided  not  only  with  a  seminal 
vesicle,  but  also  with  a  kind  of  albumen  gland  and  receptaculum 
seminis ;  it  opens  to  the  exterior  usually  on  the  right  side  in  front 
of  the  anus.  The  penis  is  sometimes  in  the  terminal  part  of  the 
duct ;  in  the  Hyaleidm  and  Cymbuliidce  it  has  the  form  of  a  rolled-up 
protrusible  tube  placed  in  front  of  the  sexual  opening.  The  eggs  are 
surrounded  by  albumen  and  laid  in  long  strings  which  float  freely  in 


Fig.  528. — Larva  of  Cavolinia  triden- 
tata  (after  Fol).  Ms,  velum  ;  P, 
foot ;  P'.  the  two  lateral  (epipodial 
lobes  of  the  foot;  A,  anus;  M,  re- 
tractor muscle  ;  Md,  stomach. 
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the  sea.  The  embryos  acquire  velar  lobes  and  shell,  and  leave  the  e^?g 
as  larvae  (fig.  528).  While  the  velum  is  atrophying,  the  two  fins 
gradually  appear  on  the  first-formed  unpaired  part  of  the  foot,  while 
the  shell  (with  operculum)  is  usually  cast  off.  The  llyalddoi  how- 
ever appear  to  keep  the  lai-\^al  shell  and  develop  it  further,  while  the 
GymlmliidcB  replace  it  by  a  new  shell.  The  naked  Pneumodermidai 
and  Clionidce  do  not  after  the  loss  of  the  velum  and  shell  grow 
direct  into  the  sexual  animal,  but  first  acquire  three  rings  of  cilia  and 
pass  into  a  new  larval  phase  (fig.  529).  The  Pteropods  always  live 
on  the  high  sea,  but  may  by  retracting  their  velum  sink. 

Order  1. — Thecosomata. 
Pteropoda  with  a  shell.     Head  but  little  developed,  often  not 

distinct ;  tentacles  rudimentary.  The  rudi- 
mentary foot  remains  in  connection  with 
the  fins. 

Fam.  Hyaleidae.  Shell  calcareous  or  horny, 
swollen  ventrally  or  pyramidal,  symmetrical,  with 
pointed  processes.  Hyalea  tridentata  Lam., 
Cleodora  Per.  Les.,  Crescis  Eang.,  Cj:  acicula 
Eaag.,  Mediterranean. 

Fam.  Cymbuliidae.  With  cartilagino-gelatinous 
shell,  boat-shaped  or  slipper-shaped.  Cymhilia 
Peronii  Cuv.,  Tiedinannia  neajjolitana  Van  Ben. 

Order  2. — Gymnosomata. 

Naked  Pteropods,  head  bearing  tentacles, 
Pig.  529. —Larva of Pnew«iod<;j-mo)i  often  with  external  gills.    Fius  separated 


(aftei-  Gegeiibaur) . 


from  the  foot. 


Larvae  with  rings  of  eiha. 


Fam.  Clionidse.  Body  spindle-shaped,  without  gills.  Clio  lorealu  Pall., 
constitutes  with  Limacina  arctica  the  chief  food  of  Whales. 

Fam.  Pneumodermonidae.  Body  spindle-shaped,  with  external  gills,  and  two 
protrusible  arms,  which  are  beset  with  suckers  and  placed  in  front  of  the  fins. 
Piiewnodermon  violaccum  d'Orb, 


Class  IV.— CEPHALOPODA.  * 

With  well-marked  head,  a  circle  of  arms  hearing  suckers  round  the 
mouth  and  funnel- shaped  perforated  foot.  Dioecious. 

In  the  form  of  their  body  the  Cephalopods  are  most  nearly  alhed 

*  Ferussac  et  d'Orbigny,  "  Histoire  naturelle  generale  et  particuliere  des 
C^phalopodes  ac6tabulifcres  vivants  et  fossiles."    Paris,  1835-45. 
J,  B.  Verany,  "  Mollusques  M6diterraneens   observes,  ddcrits,  figurds  et 
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to  the  Pteropods.  The  morphological  relation  between  these  two 
groups  was  first  thoroughly  discussed  by  R.  Leuckart.  He  showed 
that  the  cephalic  cones  (tentacles)  of  Clio  correspond  to  the  cephalic 
arms  of  Cephalopods,  while  the  median  lobe  of  the  foot,  represented 
by  the  cervical  collar,  is  the  equivalent  of  the  funnel.  Huxley, 
however,  does  not  take  this  view ;  he  holds  that  the  arms  are  parts 
of  the  propodium  and  that  the  funnel,  which  is  formed  by  the  fusion 
of  paired  folds, 
is  equivalent  to 
the  paired  ele- 
ments of  the 
e  p  i  p  0  d  i  u  m 
which  in  Ptero- 
pods form  the 
fins. 

The  mantle 
cavity  is  placed 
on  the  posterior 
surface  of  the 
body,  which  in 
the  natural  po- 
sition is  the 
under  surface. 
In  it  are  placed 
on  each  side 
one  {Bibranchi- 
ata)  or  two 
(^Tet  rabranchi- 
ata)  gills,  the 
anus,  the  paired 
renal  openings, 
and  the  genera- 
tive opening  which  is  sometimes  single  and  sometimes  paired.  The 
eyes  and  olfactory  organs  are  placed  at  the  sides  of  the  head. 
Anteriorly  around  the  mouth  four  pairs  of  fleshy  cephalic  arms, 


Fig.  530.~OctO2ms  macropus,  creeping  (after  Verajiy);    T,  funnel. 


chromolithographies  d'apres  le  vivant."  I«  Partie.  C^phalopodes  de  la  MMi- 
terranee.    Genes,  1847-51. 

H.  MuUer,  "  Ueber  das  Mannchen  von  Argoaauta  argo  und  die  Hecto- 
cotylen."    Zeit.fiir  miss.  Zool.,  1855. 

Jap.  Steenstrup,  "  Hcctocotylus  dannelsen  hos  OctopodsL,  etc."  K  Banlis 
T  ulenslt.  Sdsliahs  Shrifter,  1856.   Uebersetzt  im  Archiv  fiir  Natuvqescli  1866' 

Alb.  Kolhker,  "Entwickelungsgesch.  der  Cephalopoden."    Zurich.  1844 
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{xiTiuiged  in  a  circle,  project ;  they  serve  for  creeping  and  swimining, 
as  well  as  for  the  capture  of  prey,  and  usually  bear  rows  of  suckers 
on  their  oral  surface.  In  many  forms  (Octupoda)  the  basal  parts  of 
the  arms  are  united  by  a  membrane  which  forms  a  kind  of  funnel  in 
front  of  the  mouth,  the  cavity  of  which  is  contracted  and  dilated 
in  movement  (not  to  be  confounded  with  the  pedal  funnel,  fig. 
530  1^).  In  others  two  lobe-like  cutaneous  appendages,  the  so- 
called  fins,  serve  for  swimming  (fig.  531):  these  forms  (JJecapoda) 

possess  in  addition  to  the  eight 
arms  a  pair  of  very  long  ten- 
tacles (fig.  531). 

In  Nautilm,  the  single 
living  representative  of  the 
Tetrabranchiata,  there  is 
found  in  place  of  the  eight 
arms  a  crovm  of  very  numer- 
ous tentacles.  These,  how- 
ever, iaccording  to  the  view 
of  Valenciennes,  appear  to 
correspond  morphologically 
to  suckers;  in  fact  similar 
filaments  are  found  on  the 
arms  of  Cirrotettthis,  as  pro- 
longations of  the  cylindrical 
nucleus  of  the  suckers.  The 
true  arms  of  Nautilus  are 
very  short  and  rudimentary, 
forming  fold-hke  lobes  at  the 
base  of  the  tentacles. 

The  funnel  is  placed  on  the 
Fig.  53i.-Zoiipo  TOj(?a«»  (after  Verany).        ventral  (posterior)  side  and 

projects  from  the  broad  opening  of  the  mantle  cavity,  which  can  be 
closed  laterally  by  suckers.  It  has  the  form  of  a  cylindrical  tube, 
narrowed  at  the  front  (free)  end,  and  in  Nautilus  is  open  along  the 
under  surface.  Its  broad  base  is  placed  in  the  mantle  cavity,  and  it 
serves  to  conduct  away  to  the  exterior  from  the  latter  the  respiratory 
water  which  has  entered  by  the  general  mantle-opening,  and  -ftdth  it 
the  excrementitious  and  generative  products.  At  the  same  time,  act- 
ing in  conjunction  with  the  powerful  mantle  musculature,  it  serves  as 
an  organ  of  locomotion.  The  respiratory  water  is  violently  driven 
through  the  funnel  by  the  contraction  of  the  mantle,  the  general 
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opening  of  the  mantle  being  firmly  closed  by  the  sucker-like  arrange- 
ment at  the  base  of  the  funnel ;  the  animal,  in  consequence  of  the 
reaction,  is  thus  projected  backwards. 

Many  Cephalopoda  are  naked  {Octopoda),  others  (Becapoda)  possess 
an  internal  rudimentary  shell,  a  few  {Argonauta,  Nautilus)  are  pro- 
vided with  an  external  spirally-coiled  shell.  The  internal  shell  rudiment 
of  the  Decapoda  lies  in  a  pocket  in 
the  dorsal  mantle,  and  is  usually  a 
•flat,  lancet-shaped  spongy  calcareous 
plate  {os  sepice).  The  external  shell 
is  only  exceptionally  thin  and  simple 
[Argonauta) ;  usually  it  is  spirally- 
t'wisted  and  divided  by  cross  partitions 
into  a  mimber  of  successive  chambers. 
The  animal  Uves  in  the  anterior 
chamber,  which  is  the  last  formed 
and  largest.  The  other  chambers, 
which  diminish  continuously  in  size 
backwards,  are  filled  with  air ;  they 
remain,  however,  connected  with  the 
large  anterior  chamber  by  a  central 
tube  [siphon),  which  perforates  the 
partitions  and  contains  a  prolongation 
of  the  animal's  body. 

The  dermis  of  the  Cephalopoda 
contains  the  remarkable  chromato- 
phores,  which  cause  the  well-known 
play  of  colours.  These  consist  of  cells 
filled  with  pigment ;  to  their  walls, 
which  are  formed  of  a  cellular  mem- 
brane, numerOVTS  radiating  muscular  fig.  532.— Digestive  apparatus  of  Sepia 

fibres  are  attached.  When  the  latter 
contract  the  ceils  are  pulled  out  into 
a  star  shape ;  in  the  processes  so 
formed  the  pigment  is  distributed. 
When  the  contraction  ceases,  the  cell 
returns,  in  virtue  of  the  elasticity  of  its  walls,  to 
spheiical  form  and  the  pigment  is  again  concentrated  in  a  small 
space ;  thus  the  animal  changes  its  colour.  There  are  usually  two 
kinds  of  chromatophores,  as  far  as  colour  is  concerned,  placed  above 
and  near  one  another.    They  are  connected  with  a  special  centre 


(after  W.  Kefersteiii).  Z,  lip  ;  Mxi,  Mxs, 
lower  and  upper  jaws  ;  Ra,  radula ;  Bg, 
buccal  ganglion  ;  Spd,  salivary  gland  ; 
Oe,  oesophagus ;  L,  liver  ;  Gg,  bile  duct ; 
Gsp,  splanchnic  ganglion ;  M,  stomach  ; 
M',  blind  appendage  of  stomach ;  A, 
anus  ;  Tb,  ink  sac. 


its  original 
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on  the  stalk  of  the  optic  ganglion  and  they  cause  a  j-apid  inter- 
change of  blue,  red,  yellow  and  dark  colours.  In  addition  to  the 
chromatophores,  there  is  a  deeper  layer  of  small  shining  spangles 
which  produce  interfei-ence  colours,  and  thus  give  rise  to  the  peculiar 
iridescence  and  lustre  of  the  skin. 

The  C e2)halopoda  possess  an  internal  cartilaginous  skeleton, 
which  serves  for  the  protection  of  the  nerve  centres  and  sense  organs 

and  attaxjhment  of  mus- 
cles. In  the  Dibranchiata 
this  skeleton  constitutes 
a  cartilaginous  capsule 
which  encloses  the  cere- 
bral ganglia,  a3sophageal 
ring,  and  the  auditory 
organ,  while  its  lateral 
portions  are  hollowed  out 
and  represent  the  orbits. 
There  are  also  (Decapods) 
optic  cartilages,  a  so-called 
brachial  cartilage  and 
dorsal  cartilage,  various 
small  cartilages  for  the 
closure  of  the  mantle 
cavity,  and  fin  cartilages 
for  the  support  of  the 
fins. 

Alimentary   canal.  — 

The  mouth,  which  is  placed 
within  the  circle  of  arms, 
is  surrounded  by  a  cir- 
cular fold  forming  a  kind 
of  lip  (fig.  532).  It  is 
armed  with  two  powerful 
jaws,  an  upper  and  a 
lower,  which  resemble  in  form  a  reversed  parrot's  beak.  The  radula, 
which  recalls  that  of  the  Heteropoda,  bears  in  each  row  a  tooth-like 
median  plate,  and  on  each  side  three  long  hooks,  adapted  for  drawing 
in  the  food ;  in  addition  there  may  also  be  some  flat  non-toothed  plates. 
The  oesophagus  usually  receives  two  pairs  of  salivary  glands,  and  either 
has  the  form  of  a  simple  narrow  tube,  or  presents  before  its  junction 
with  the  stomach  a  crop-like  dilatation  (Octopods,  fig.  535  Jn). 


~Gst 


Fig.  533. — Nervous  system  of  Sepia  officinalis  (after 
Clieroii).  Cg,  cerebral  ganglion ;  Vg,  visceral  gang- 
lion;  Bff,  buccal  ganglion;  Sj^g,  suprapharyngeal 
ganglion  ;  Tg,  ganglia  of  the  tentacles  ;  Gst,  stellate 
ganglion  ;  Ot,  auditory  vesicle. 


CEPHALOPODA. 


61 


The  stoma(tli  (Fig.  532  M)  is  usually  spherical ;  its  walls  are 
muscular  and  its  internal  lining  is  raised  into  longitudinal  folds  or 
papillre.  It  possesses  a  large,  sometimes  spirally  wound,  caacal 
appendage,  which  opens  into  it  close  to  the  point  of  origin  of  the 
intestine,  rarely  at  some  distance  from  that  point.  The  ducts  of  the 
lar-^e  liver  open  into  this  ctecum.  A  mass  of  yellow  glandular  lobes, 
which  are  attached  to  the  upper  part  of  the  bile  ducts,  may  be  in- 
terpreted as  pancreas  (fig.  532  Gg).  The  intestine  is  but  Httle  con- 
voluted and  the  anus  always  opens  in  the  middle  line  of  the  mantle 
cavity. 


Fig.  534.— Horizontal  section  tlirougli  the  eye  of  Sepia  (diagi-ammatie,  after  Hensen).  KK, 
cephalic  cartilage ;  C,  cornea  ;  L,  lens ;  Ci,  ciliary  body  ;  Jk,  iris  cartilage  ;  K,  cartilage  of 
optic  bulb ;  Ae,  argentea  externa ;  IF,  white  body  ;  Opt,  optic  nerve  ;  Go,  optic  ganglion  ; 
Re,  outer  layer  of  rods,  Ri,  inner  layer  of  rods  of  the  retina  ;  P,  pigment  layer  of  the 
retina. 

The  nervous  system  is  characterised  by  its  great  concentration 
and  high  development.  In  the  Dihranchiata  the  nerve  centres 
constitute  a  large  ganglionic  mass  which  is  placed  in  the  cartilaginous 
cranial  capsule  and  is  perfoi^ated  by  the  oesophagus  (fig.  533).  It  is 
divided  into  a  dorsal  and  a  ventral  portion,  connected  by  two  com- 
missures. The  former  corresponds  to  the  brain  (cerebral  ganglia) 
and  sends  nerves  to  the  sense  organs  and  to  the  buccal  ganglia.  The 
ventral  portion  consists  mainly  of  the  pedal  and  visceral  ganglia. 
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The  latter  sends  a  large  number  of  nerves  to  the  mantle,  the  viscera 
and  the  gills.    The  large  (janylion  stellaium,  which  is  found  on  each 
mantle,  a  ganglion  of  the  vena  cava,  two  branchial 
the  (jmujlion  splanchnimm  are  all  developed  on  the 

course  of  these  nerves 
from  the  visceral 
ganglia. 

Of  the  sense  organs 
the  large  eyes,  placed 
on   the  sides  of  the 
head,    are   the  most 
conspicuous.  Each  eye- 
bulb   is   placed   in  a 
special  orbit,  which  is 
partly  formed  by  an 
excavation  in  the  ce- 
phalic   cartilage.  It 
is  enclosed  in  a  strong 
capsule  which  is  con- 
tinued over  the  front 
of  the  eye  as  a  thin 
and  transparent  mem- 
brane, the  cornea.  The 
cornea  may,  however, 
be     entirely  absent 
i^Nautilv^),  or  in  other 
cases  be  pierced  beneath 
an  eyelid-like  cutaneous 
fold  by  a  small  hole 
(Oigopsidce),  through 
which  the  w^ater  en- 
ters the  anterior  optic 
chamber,   and  passes 
into  a  space  of  various 
extent  round  the  an- 
terior surface  of  the 
bulb  (fig.  534).    The  Cephalopod  eye  possesses  almost  exactly  the 
parts  as  the  Vertebrate  eye.    The  presence  of  the  inner  layer  of  same 
retinal  rods  in  the  former  may  be  mentioned  as  an  essential  difference 
between  them.    The  eye  of  Nautilus  is  without  the  lens. 

The  two  auditory  sacs  are  placed  in  the  cephalic  cartilage,  and  in 


Fig.  535. — Viscera  of  Octoims  vulgaris  after  removal  of  the 
posterioi-  mautle  wall  and  liver  (after  M.  Edwards).  Bm, 
buccal  mass  ;  Sd',  upper  salivary  gland  :  Oe,  cesophagiis,  Sd", 
lower  salivary  giand  ;  Jn,  crop  ;  M,  stomach  ;  A,  end  of  the 
rectum  turned  back  ;  Oc,  eye  ;  Tr,  funnel ;  Br,  gills  ;  Ov, 
ovary  ;  Od,  oviduct ;  N,  kidney ;  Kv,  auricle,  receiving  the 
branchial  vein  ;  V,  posterior  vena  cava  ;  C,  ventricle  ;  Ao, 
aoita. 
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the  DlhrancMata  in  special  cavities  of  the  latter,  the  so-called  cartila- 
ginous labyrinth.  They  receive  from  the  pedal  ganglion  their  short 
auditory  nerves,  which,  however,  arise  in  the  brain. 

The  respiratory  organs  have  the  form  of  two  [Dihranchiata)  or 
four  [Tetrahranchiata)  pennate  gills,  which  are  placed  at  the  sides  of 
the  visceral  sac  in  the  mantle  cavity.  They  are  bathed  by  a  current 
of  water  which  is  continually  renewed. 

The  heart  lies  in  the  hinder  part  of  the  ^TLSceral  sac,  more  or  less 
closely  approximated  to  the  apex  of  the  body.  It  consists  of 
a  median  ventricle 
and  as  many  lateral 
auricles  as  there  are 
gills  (figs.  535  and 
536).  A  large  an- 
terior aorta  {aorta 
cephalica)  passes  off 
from  the  ventricle 
and  gives  in  its 
course  strong 
branches  to  the 
mantle,  alimentary 
canal,  and  funnel, 
and  breaks  up  in 
the  head  into  ves- 
sels to  the  eyes.  Hps 
and  arms.  A  pos- 
teriorly directed  vis- 
ceral artery  also 
leaves  the  ventricle. 
The  capillary  net- 
work, which  is 
richly  developed  in  all  the  organs,  passes  partly  into  sinuses,  partly 
into  veins,  which  are  collected  through  lateral  veins  into  a  large  an- 
terior and  a  posterior  vena  cava.  Each  of  these  bifurcates  into  two 
or  four  trunks  (according  to  the  number  of  gills)  which  carry  the 
blood  to  the  gills.  Immediately  before  their  entrance  into  the 
gills  the  walls  of  these  so-called  branchial  arteries  are  (except  in 
Nautilus)  especially  muscular  and  rhythmically  contractile  and 
constitute  branchial  hearts.  The  Cephalopoda  also  possess  arrange- 
ments by  which  a  mixture  of  water  with  the  blood  can  be  effected. 

Paired  kidney  sacs  are  always  present,  one  on  each  side  of  the 


Fig.  536, — Circulatory  and  excretory  organs  of  Sepia  officinalis 
froTu  the  dorsal  side  (after  Hunter)  Br,  gills  ;  C,  ventricle  ;  Ao 
and  Ao",  the  anterior  and  posterior  aorta  ;  V,  lateral  vein ;  Vc', 
anterior  vena  cava  ;  Vc",  posterior  vena  cava ;  N,  renal  append- 
ages of  the  veins  ;  Vbr,  advehent  branchial  vessels  (branchial 
arteries);  Kh,  branchial  heart;  Ap,  appendage  of  the  same ;  At, 
At',  auiicles  receiving  the  revehent  branchial  vessels  (branchial 
veins). 
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abdomen.  They  open  into  tlie  mantle  cavity,  each  through  the  apex 
of  a  papilla.  The  anterior  walls  of  the  sacs  are  pushed  inwards  by 
cajcal  appendages  of  the  venaj  cavse  (branchial  arteries),  so  as  to  give 
rise  to  a  number  of  racemose  lobules  projecting  into  each  renal  sac 
(fig.  53G).  The  renal  sacs,  as  in  other  Molluscs,  communicate  with 
the  body  cavity,  which  in  Snpia  is  largely  developed  and  contains  the 

Oclopoda  is  reduced  to  a 
narrow  tubulftr  space 
("  water  -  vascular  sys- 
tem "  of  Krohn)  and 
only  contains  the  sexual 
glands. 

An  excretory  organ 
very  generally  present 
is  the  ink- sac.  It  is  a 
■piriform  sac,  whose  duct 
opens  to  the  exterior 
with  the  anus,  and 
empties  an  intensely 
black  fluid,  which  sur- 
rounds the  body  o^  the 
animal  as  in  a  black 
cloud,  and  so  protects 
it  from  the  pursuit  of 
larger  marine  animals. 

The  Cephalopoda  are 
dioecious.  Males  and 
females  present  external 
sexual  differences  which 
principally  concern  a 
particular  arm.  Accord- 
ing to  the  discovery  of 
Steenstrup,  one  of  the 
arms  in  the  male  always  becomes  modified,  hectocotylized  as  it  is 
called,  as  an  intromittent  organ.  The  two  sexes  of  Argonauta  differ 
considerably,  inasmuch  as  the  small  male  has  no  shell. 

The  sexual  glands  lie  freely  in  the  body  cavity.  Their  products 
are  dehisced  into  the  body  cavity,  from  which  they  are  taken  up  and 
conveyed  to  the  exterior  by  special  ducts.  The  ovary  is  unpaired  and 
racemose,  and  the  oviduct  is  a  double  (Octopoda)  or  unpaired 
(usually  left)  duct  opening  into  the  mantle  cavity ;  it  receives  in  its 


heart,  generative  organs,  etc.,  but  in  the 


Fig.  537. — Anatomy  of  the  body  of  a  female  Sepia  (after 
C.  Grobben).  Ov,  ovary  in  its  cavity  (body  cavity)  which 
is  laid  open;  Oc2,  oviduct;  Oc,  opening  of  the  same;  OdD, 
ovi  ducal  gland  ;  Nd,  nida  mental  gland  ;  AD,  accessoiy 
nidamental  gland  ;  jN,  kidney  ;  C,  ureter  ;  Lk,  canal  of 
the  body  cavity  (water  canal) ;  Kh,  branchial  heart ;  Kha, 
pericardial  gland  (appendage  of  branchial  heart);  K,  gills; 
A/,  anus  ;  Gst,  stellate  gangUon. 
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course  a  round  gland,  and  its  terminal  portion  possesses  glandular 
walls.  In  addition,  the  so-called  nidamental  glands  (fig.  537)  are 
present  in  the  Decapoda  and  Nautilus ;  they  open  into  the  mantle 
cavity  near  the  generative  opening  and  secrete  a  cementing  substance 
Avhich  surrounds  and  unites  together  the  eggs.  The  eggs  are  sur- 
rounded— either  singly  [Argonaiita,  Octopus)  or  in  great  nvimber 
{Sepia) — by  capsules  with  long  stalks,  which  are  united  together  in 
"racemose  masses  (so-called  sea-grapes),  and  fastened  to  foreign  objects 
in  the  sea.  In  other  cases  the  eggs  are  aggregated  in  gela- 
tinous tubes 
(Loligo,  Se- 
piola). 

The  male 
generativ  e 
appar a  t  u  s 
presents  a 
similar  ar- 
rangement 
(fig.  538,  a). 
The  testis  (:Z') 
consists  of 
an  unpaired 
gland  formed 
of  long  cyHn- 
drical  tubes. 
The  duct  of 
the  testis  is 
placed  on  the 


Fig.  53Sa. — Male  sexual  organs  of  Sepia  officinalis  (after 

Diivernoy),  modified  from  0.  Grobben.    T,  testis,  with  - 

a  piece  of  peritoneum  ;  To,  opening  of  the  testis  into  the  left  side  and 

body  cavity;  Vd,  vas  deferens;  O,  opening  of  the  vas  -^i              •}  ^ 

deferens  into  the  body  cavity  ;   Vs,  vesicula  serainalis ;  ''^'^     -"-^S'  QOuecl 

Pr,  prostate;  -Sjj,  spermatophore  reservoir ;  Oe,  sexual  and  COmpli - 
opening. 


iG.    5  38  &.— 
Sperm  at  o- 
phore  of  Sepia 
(after  M.  Ed 
waj-ds). 


cated.  The 

following  parts  may  be  distinguished  in  it:  (1)  a  much  coiled  vas 
deferens  (Vd),  which  opens  into  the  body  cavity,  (2)  a  long  dilated 
vesicula  seminalis  {Vs)  with  two  prostatic  glands  {Fr)  opening  into 
its  terminal  portion,  (3)  a  spacious  sac,  known  as  Needham's  sac,  in 
which  the  spermatophores  are  formed,  and  which  opens  into  the 
mantle  cavity  at  the  apex  of  a  papilla  placed  on  the  left,  side. 

In  copulation  the  large  spermatophores  (fig.  538,  b)  are  introduced 
by  means  of  the  hectocotyhsed  arm  into  the  female  sexual  opening. 
In  some  Cephalopoda  {Tremoctopus  violaceus,  Philonexis  Carence,  and 

VOL.  II.  .  ' 

O 


66 


MOLLUSCA. 


Argoncmta  cmjo)  the  hectocotylised  arm  of  the  male  appears  as  an 
individualized  iutromittent  oi-gan  which  is  tilled  with  spermatophores, 
then  separates  from  the  body  of  the  male,  moves  about  for  a  time 
independently,  and  finally  conveys  the  semen  into  the  mantle  cavity 
of  the  female  (fig,  539). 

The  developmenf  '=  of  the  egg  is  introduced  by  a  discoidal  (partial) 
segmentation  which  takes  place  at  the  pointed  pole  of  the  egg.  As 
in  the  bird's  egg,  the  segmented  portion  of  the  ovum  (formative  yolk) 
gives  rise  to  a  germinal  disc  which  in  the  subseqitent  growth  is 
raised  more  and  more  fi-om  the  lower  part  of  the  blastoderm  which 
foiTOs  the  yolk  sac.   Soon  several  projections  appear  on  the  embryonic 

rudiment  (fig.  540) ;  first  in  the 
centre  of  the  germ  a  flattened 
ridge  is  formed  around  a  cen- 
tral depression  [M)  which  it 
soon  grows  over.    This  is  the 
mantle  [the  depression  is  the 
so-called  shell  gland] ;  on  each 
side  of  it  the  two  parts  of  the 
funnel  appear  {Tr),  and  between 
these  and  the  mantle  the  gills 
{Br).     Also  laterally  but  ex- 
ternal to  the  folds  of  the  funnel 
the  first  traces  of  the  head  ap- 
pear as  two  pairs  of  elongated 
lobes,  of  which  the  external  an- 
terior pair  bears  the  eyes.  On 
the  outer  edge  of  the  disc  papilli- 
form  structures  are  formed,  the 
first  rudiments  of  the  arms.    In  the  later  growth  of  this  absolutely 
symmetrical  embryo  the  Cephalopod  form  becomes  more  and  more 
apparent:   the  mantle  projects  considerably,  and  grows  over  the 
gills  and  two  parts  of  tke  funnel,  which  fuse  to  form  the  definitive 
funnel.    The  cephalic  lobes  grow  together  between  the  mouth  and 
funnel,  and  on  their  oral  sides  become  more  sharply  constricted  off 
from  the  yolk,  which  with  a  few  exceptions  persists  for  some  time 
as  a  yolk  sac  (fig.  541). 

The  Cephalopods  are  marine  animals,  some  frequenting  the  coast  and 
others  the  high  seas.    They  feed  on  the  flesh  of  other  animals, 

*  Cf.  besides  van  Benerlcnaud  Kiillikcr;  Ussow,  •'  Zoologisch-embiyologischc 
Dntersiichungen."    Archiv  fur  Naturgcsoh.,  187i. 


Fig. 


539.— Male  of  Argonauia  argo  (after  H. 
Miiller).    He,  hectocotylised  arm. 
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especially  Crustacea.    Some  of  them  attain  a  great  size.    The  flesh  is 

eaten,  and  the  colouring  matter 
of  the  ink-sac  (sepia)  and  the 
dorsal  shell  [os  sepice)  are  used 
by  man.  The  remains  of  Cepha- 
lopods  occur  in  all  formations 
from  the  oldest  Silurian  and 
constitute  important  charac- 
teristic fossils  {Behmnites,  Am- 
monites), 

Order   1. — Tetrabranchiata.* 

Cephalopoda  with  four  gills 
in  the  mantle 
cavity  and  nu- 
merous retractile  Ds~ 
tentacles  on  the 
head,  with  split 
funnel  and 
many- chambered 
shell. 

The  append- 
ages of  the  head 
are  peculiar.  In 
place  of  the  arms 
there  are  a  num- 
ber of  filiform 
tentacles  round 
the  mouth.  In 
Nautilus  there  are  on  each  side 
of  the  body  (a)  nineteen  ex- 
ternal tentacles,  of  which  the 
dorsal  pair  constitutes  a  kind  of 
hood  which  can  close  the  orifice 
of  the  shell;  (6)  two  ocular 
tentacles  on  each  side  near  the 


Pig.  541— Almsto 
ripe  embi-yo  of 
Sepia  officinalis 
from  tlie  dorsal  (an- 
terior) face  (after 
Kolliker).  Bs, 
yolk  sac. 


Fio.  540.— Embryonic  development  of  Scjjia  offici- 
nalis (after  Kolliker).  a,  View  of  germinal 
disc  from  above,  commencing  embryo  lying  on 
the  yolk.  Br,  gills  ;  Tr,  folds  of  the  funnel : 
Oc,  eye  ;  M,  mantle,  b,  Somewhat  older  stage, 
seen  from  the  front.  J),  yolk  ;  Zl',  anterior  ; 
Kl",  posterior  cephaUc  lobe  ;  0,  mouth,  c,  later 
stage  from  the  side.  1-4,  first  rudiments  of 
the  arms,  d,  older  stage  from  the  front.  5, 
fifth  pair  of  arms,  e,  Still  later  stage  in  lateral 
view    The  halves  of  the  funnel  have  united. 


*  Van  der  Hoeven,  "  Beitrage  zur 
Kenntniss  von  Nautilus  "  (in  Dutcli), 
Amsterdam,  1856. 

W.  Keferstein  in  Bronn,  Classen 
und  Ordnungen  des  Thierreicbs. 
Dritter  Band,  Qeplialop9da.  18(^5. 
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eye  and  (c)  twelve  internal  tentacles,  the  foui'  ventral  of  whicli 
on  the  left  side  are  in  the  male  modified  to  form  the  spadix,  au 
organ  analogous  to  the  hectocotylised  arm.  Finally,  in  the  female 
there  are  on  each  side,  within  tlie  latter,  fourteen  or  fifteen  ventrally- 
placed  labial  tentacles.    (Fig.  542.) 

The  cephalic  cartilage,  instead  of  forming  a  complete  ring,  con- 
sists of  two  horse-shoe-shaped  limbs  on  which  the  central  parts  of 
the  nervous  system  lie.  The  eyes  are  stalked,  and  are  without  a 
lens  or  other  refractile  media.  The  funnel  has  the  form  of  a  laniiiia 
rolled  upon  itself,  but  the  edges  are  free  and  not  fused.  There  i.s  ikj 
iak-sac.  The  branchite  are  four  in  number  as  are  also  the  branchial 
vessels  and  the  kidneys. 


Fig.  542.— iV^c/MCiiusOegne  animal).  T,  tentacles;  P,  pupil  of  the  eye ;  JJ^;,  terminal 
chamber ;  Tr,  funnel ;  K,  chambers  of  the  shell ;  S,  siphon ;  Ma,  mantle  ;  M, 
muscle. 

The  hinder  part  of  the  thick  external  shell  of  the  Tetrabranchiata 
is  divided  by  cross  partitions  into  numerous  chambers,  which  are 
filled  with  air  and  are  traversed  by  a  siphon.  The  shell  consists  of 
an  external,  frequently  coloured  calcareous  layer,  and  an  internal 
mother-of-pearl  layer.  The  similar  structure  of  many  fossil  shell-s 
allows  us  to  infer  a  similar  organisation  for  their  unknown  inbal)'- 
tants.  The  position  and  structure  of  the  siphon,  as  well  as  the  form 
of  the  septa,  and  the  lines  of  fusion  of  the  latter  with  the  shell, 
are  important  characters  for  the  classification  of  the  fossil  Tetra- 
branchiata. The  small  number  of  living  species  of  the  genus 
Nautilus  are  found  in  the  Indian  and  Pacific  Oceans. 
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Fam.  Nautilidse.  The  septa  are  simply  bent  and  concave  towards  the 
anterior  chambers.  Line  of  suture  simple,  with  a  few  large  wavy  curves  or  a 
lateral  lobe.  Siphon  usually  central  ;  shell  orifice  simple.  Orthoeeras,  shell 
straight.  0.  regnlaris  v.  Schl.,  calcareous  strata  of  the  North  German  plain. 
Nautilus,  shell  coiled.    N.  pompilhis  L. ,  Indian  Ocean. 

Fam.  Ammonitidse.  The  septa  much  folded  at  the  sides,  always  with  lobe 
on  the  outer  side,  in  the  middle  usually  convex  forwards.  Siphon  on  the 
outer  side.  Contains  only  fossil  forms.  Goniatitcs  retrorsus  v.  Buch.,  Cera- 
tites  nodosus  Bosc,  Ammonites  capricornv^  v.  Schl. 

Order  2. — Dibranchiata.* 

Cephalopoda  loith  two  gills  in  the  mantle  cavity/,  eight  arms  bearing 
suckers  or  hooks,  complete  funnel  and  ink-sac. 

The  Dibranchiata  possess  round  the  mouth  eight  arms  provided 


Fig.  543. — Argonaula  argo  (female),  swimming. 


with  suckers  or  hooks ;  in  the  Decapoda  there  are,  in  addition,  two 
long  tentacles  placed  between  the  ventral  arms  and  the  mouth.  The 
cephalic  cartilage  constitutes  a  completely  closed  ring  surrounding 
the  central  parts  of  the  nervous  system ;  its  slightly  arched  lateral 
parts  serve  for  the  support  of  the  sessile  eyes.  There  are  only  two 
gills  in  the  mantle  cavity  and  the  same  number  of  branchial  vessels 
and  kidneys.  The  funnel  is  closed.  An  ink-sac  is  usually  present. 
The  shell  is  in  many  forms  completely  absent ;  in  others  it  is  reduced 
to  a  horny  or  calcareous  dorsal  lamella.    A  spirally-coiled  shell  is 

*  Chief  works :  Ferussac  et  d'Orbigny  I.e.,  also  Verany  I.e. 
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rarely  present.  In  the  female  Argonauta  (fig.  543)  there  is  a  single- 
chambered  spiral  shell  with  thin  walls;  in >S>Wa  (fig.  544)  there  is  a 
multilocular  spiral  shell,  the  chambers  of  wliich  are  traver-sed  by  a 
siphon. 

Sub-order  1.  Decapoda.  In  addition  to  the  eight  arms,  there  are 
two  long  tentacles  between  the  third  and  fourth  paiis  of  arms 
(ventral).  The  suckers  are  stalked  and  provided  with  a  horny  rim. 
The  eyes  are  without  a  sphincter-like  lid.  The  mantle  bears  two 
lateral  fins,  and  at  the  mantle  edge  a  well-developed 
apparatus  for  closing  the  mantle  opening.  An  internal 
shell  is  present. 

Fam.  Spirulidae.    Spirula  Pcronii  Lam.,  Pacific  Ocean. 
Fam.  Belemnitidae.    JMemnitcs  digitalu  Voltz,  Upper  Lias. 
Fam.  Myopsidae.    "With  closed  cornea  and  covered  lens. 
Se2na  ojjicinaUs  Lam.,  Lol'igo  vulgavts  Lam.,  Mediterranean 
(fig.  531).    Siqnola  vvlgaris  Grant.,   Mediterranean,  Rvsxia 
macrosoma  F6r.  d'Orb.,  Mediterranean. 

Fam.  Oigopsidae.  Eyes  with  widely-opened  cornea,  so  that 
the  crystalline  leus  is  exposed  and  bathed  by  the  sea-water. 
Omjchoteutliis  Lichtensteini  F6r.,  Ommastr('2)hes  todarvs  d'Orb. 

Sub-order  2.  Octopoda.  The  two  tentacles  are  not 
present.  The  eight  arms  bear  sessile  suckers  without 
a  horny  ring,  and  are  connected  at  their  base  by  a 
Eyes  relatively  small,  with  sphincter-like  lid.  The 
short,  rounded  body  is  without  the  internal  shell,  and  usually  also 
the  fin-like  appendages.  Mantle  without  cartilaginous  apparatus 
for  closing  mantle  opening,  and  attached  to  the  head  by  a  broad 
cervical  band.    Funnel  without  valve ;  oviduct  paired. 

Fam.  Octopodae  (fig.  630).  Ortojjvs  vulgaris  Lam.,  0.  viaerojnis  (fig.  .53.5), 
lA/cdone  moschata  Lam. 

Fam.  Philonexidse.  P7iilone,vis  Carc7ice  Ver.,  Tremoctopm  violacevs  Dell. 
Ch.,  Argonauta  argo  L.  The  small  male  is  without  a  shell  (fig-  539).  The 
large  female  possesses  fin-like  expansions  of  the  dorsal  arms,  and  bears  a  boat- 
shaped,  delicate  shell,  round  the  sides  of  which  the  arm-fins  are  spread  (fig.  543). 


Fig.  bii.—Spi- 
rv.la  Pcronii 
(Bronn). 

membrane. 
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CHAPTER  II. 

MOLLUSCOIDEA. 

Attached  bilateral  unsegmented  animals,  with  crown  of  ciliated 
tentacles  or  spirally  rolled  buccal  arms;  enclosed  by  a  cell  or  by  a 
bivalve  shell,  the  valves  of  which  are  dorsal  and  ventral:  toith  a 
simple  ganglion  or  with  several  ganglia  connected  by  a  pharyngeal 
ring. 

The  two  groups,  Bryozoa  and  Brachiopoda,  which  are  included  in 
the  Molkiscoidea  were  formerly  placed  amongst  the  Molluscs,  to 
which  they  do  indeed  present  affinities.  With  the  increase  in  our 
knowledge  of  their  developmental  history,  it  appears  more  and  more 
probable,  not  only  that  the  two  groups  are  descended  from  an  ances- 
tral form  common  to  them  and  the  Annelids,  but  also  that  in  spite 
of  the  considerable  differences  between  them  in  the  adult  state,  they 
are  in  reality  closely  related,  a  supposition  which  agrees  with  the 
great  resemblance  of  their  larvse.  Should  this  view  of  the  close 
relationship  of  the  Brachiopoda,  which  are  always  solitary,  with  the 
Bryozoa,  which  almost  always  form  colonies,  turn  out  to  be  well 
grounded,  then  the  tentacular  crown  and  the  simple  ganglion  of  the 
latter  would  be  homologous  with  the  spiral  arms  and  suboe.so- 
phageal  ganglion  of  the  former  respectively. 

Class  1.— BRYOZOA  *  =  POLYZOA. 

Small  animals  usually  united  together  to  form  colonies;  loith 
ciliated  tentacular  croion,  horse-shoe-shaped  alimentary  canal  and 
simple  ganglion. 

The  Bryozoa  owe  their  name  to  the  moss-like  dendritic  appearance 
of  their  colonies,  on  which  the  small  individual  zooids  are  arranged 
in  a  regular  manner.  The  colonies  may,  however,  have  a  foliaceous 
or  polyparium-like  form,  or  they  may  form  crusts  on  the  surface  of 
foreign  objects.  Solitary  Bryozoa  are  rare  exceptions  [Loxosojna). 
As  a  rule  the  colonies  possess  a  horny  or  parchment-like,  frequently 

*  F.  A.  Smitt,  "  Kritisk  forteckning  ofver  Skandinaviens  Hafs-Biyozoer 
Ofvers."    Ximtjl  Vetensh.  JJtad.  Forhandl,  1865,  1866,  1867. 

H.  Nitsche,  "  Beitrage  zur  Kenntniss  der  Bryozoen."  Zeit.  fiir  wiss.  Zool., 
1869  and  1871. 

J,  Barrois,  "  Recherches  sur  I'embryologie  des  Bryozoaires."    Paris,  1877. 


72 


MOLLUSCOIDEA. 


also  calcareous,  rarely  gelatinous  exoskeleton,  which  arises  from  the 
hardening  of  the  cuticle  around  the  individual  zooids.  Each  zooid 
(zooecium)  (iig.  545)  is  accordingly  surrounded  by  a  very  regulai- 
and  symmetrical  case — the  ectoeyst  or  cell ;  through  the  opening  of 
which  the  anterior  part  of  the  soft  body  of  the  contained  zooid  with 
its  tentacular  ci^own  can  be  protruded. 

The  form  of  the  cells,  and  the  manner  in  which  they  are  connected 
together,  are  very  difTerent  in  the  different  groups,  and  give  rise  to 
a  great  variety  in  the  form  of  the  colonies  composed  of  them.  The 
cells  are  usually  completely  shut  off  from  each  other.    With  regard 

to  their  connection,  they  sometimes 
project  obliquely  or  at  a  right  angle ; 
sometimes  they  are  spread  out  hori- 
zontally on  the  same  plane ;  some- 
times arranged  in  row^s  on  a  branched 
axis.  Their  openings  are  usually 
turned  towards  one  side  or  towards 
two  opposite  sides.  The  soft  body 
wall,  or  endocyst  (fig  545,  En)  is 
closely  applied  to  the  inner  wall  of 
the  ectoeyst :  it  consists  of  an  ex- 
ternal layer  of  cells  (matrix  of  the 
ectoeyst)  and  of  a  network  of  crossing 
muscular  fibres  (the  external  fibres 
are  transversely,  the  internal  longi- 
tudinally arranged),  which  are 
separated  from  the  first  layer  by  a 
homogeneous  membrane.  On  the 
inner  side  of  the  muscular  layer 
there  is,  at  least  in  the  fresh-water 
Biyozoa,  a  delicate  layer  of  ciliated  cells  which  line  the  body 
cavity.  At  the  opening  of  the  cell  the  soft  endocyst  is  invaginated 
inwards,  and  passes  thence  on  to  the  anterior  and  extrusible  part  of 
the  body,  of  which  it  forms  the  only  investment.  In  most  fresh- 
water Bryozoa  this  reduplicature  of  the  endocyst  is  always  present 
even  when  the  zooid  is  protruded  (fig.  545).  The  greater  part  of  the 
anterior  region  of  the  body,  with  its  crown  of  tentacles,  can,  however, 
always  be  protruded  from  the  cell  and  retracted  into  it  again  by 
special  muscles  traversing  the  body  cavity  (fig.  545). 

The  disc  on  which  the  mouth  is  placed  is  known  as  the  lophophore. 
The  lophophore  is  either  circular  {Stelmatojyoda),  or  it  is  drawn  out 


Fig.  545.  —  Plumaiella  repens  (after 
AUman).  T,  Teiitaclea ;  L,  lophophore ; 
Oe,  oesophagus;  Mg, stomach ;  /(,  anus ; 
F,  funiculus ;  St,  statoblasts ;  Ts,  ten- 
tacular sheath ;  Ek,  ectoeyst ;  En, 
endocyst ;  Gg,  ganglion ;  Pvm,  parieto- 
vaginal  muscles ;  Ibn,  retractor  muscle. 
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into  two  lobes  so  as  to  have  a  horse-slioe  shape  {Loplioiooda,  fig.  545), 
and  its  margins  are  produced  into  a  number  of  richly  ciliated  ten- 
tacles. The  tentacles  are  simply  hollow  processes  of  the  body  wall ; 
they  are  provided  with  longitudinal  muscles,  and  their  cavity  com- 
municates with  the  body  cavity,  from  which  they  are  filled  with 
blood.  They  serve  both  for  procuring  food  (setting  up  by  means  of 
their  ciha  whirlpools  in  the  water)  and  for  respiration. 

The  digestive  organs  lie  freely  in  the  body 
cavity,  and  are  attached  to  the  integument  by  the 
so-called  funicidus  and  by  bundles  of  muscles.  ^ 
The  body  and  tentacular  apparatus  has  been  in-  Ov-^ 
correctly  regarded  as  a  kind  of  individual,  and 
opposed  to  the  cell  or  Cystid,  in  which  it  is  placed, 
as  the  Polyjnd.  The  mouth  is  placed  in  the  centre 
of  the  cii-cular  or  horfe-shoe  shaped  lophopore,  and 
a  moveable  epiglottis-like  process,  known  as  the 
epistome,  often  projects  over  it.  The  alimentary 
canal  is  bent  on  itself,  and  consists  of  (1)  an 
elongated  ciliated  oesophagus  often  dilated  to  a 
muscular  pharynx ;  (2)  a  spacious  stomach,  with 
a  blind  backward  prolongation,  the  hind  end  of 
which  is  attached  to  the  body-wall  by  a  cord 
(funiculus),  and  (3)  a  narrow  intestine,  which  is 
bent  up  nearly  parallel  with  the  pharynx  and  is 
directed  forwards.  The  intestine  opens  by  the 
dorsally-placed  anus,  near  but  usually  outside  the 
buccal  disc  [Ectoprocta,  fig.  545).  In  a  few  forms 
the  anus  is  within  the  circle  of  tentacles  [Endo- 
procta),  e.g.,  Pedicellina  and  Loxosoma  (fig.  546).  _ 

Heart  and  vascular  system  are  absent.  The  echinata.  7'e,  tentacu- 
blood  fills  the  whole  body  cavity,  through  which  lar  crown ;  o,  mouth ; 

°  MO, alimentary  canal; 

it  is  circulated  chiefly  by  the  cilia  of  the  body-  ^,  anus;  e, ganglion; 
wall.   The  whole  surface  of  the  anterior  protrusible 
part  of  the  body,  and   especially  of  the  tentacles,  serves  as  a 
respiratory  organ.    The  ciliated  canal  of  the  Endoprocta  is  to  be 
regarded  as  a  kidney. 

The  nervous  system  consists  of  a  ganglion  placed  on  the  oeso- 
phagus between  the  mouth  and  the  anus.  This  ganglion  in  the 
Lophopoda  is  contained  in  the  cavity  of  the  lophophore,  and  is 
attached  to  the  fesophagus  by  a  delicate  circum-oesophageal  ring ;  it 
sends  off"  numerous  nerves  to  the  tentacles  and  oesophagiis.  Accord- 
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ing  to  Fr.  M ill ler  there  is  in  Serialaria  a  ^o-c-al\eA  colonial  nervous 
system  which  connects  the  individual  zooids  of  one  colony  and  enables 
thein  to  co-ordinate  their  activities.  Olaparede  *  describes  tlie  same 
for  Vesicularia,  also  for  Scrupocellaria  scruposa  and  Bmjula  (avicu- 
laria).    Special  organs  of  sense  have  not  been  recognised. 

Many  forms  of  Biyozoa  present  examples  of  a  well-marked  poly- 
morphism. In  Serialaria  and  its  allies  the  joints  of  the  stalk 
represent  a  special  form  of  individual;  they  have  a  considerable 
size  and  a  simplified  organization,  and  serve  as  the  ramified  sub- 
stratum on  which  the  nutritive  individuals 
are  placed.  In  addition,  tliere  are  here  and 
there  joiiits  of  the  roots  which,  under  the 
form  of  tendril-  and  stolon-like  processes, 
serve  to  attach  the  colony.  The  peculiar 
appendages  known  as  avicularia  and  vibra- 
cula,  which  are  modified  individuals  and 
seem  to  have  the  function  of  food-procuring 
oi'gans,  ai'e  found  in  many  marine  Biyozoa. 
The  avicularia  (fig.  547,  Av)  i-esemble  birds' 
heads  and  consist  of  two-armed  pincers, 
which  are  attached  to  the  colony  near  the 
openings  of  the  cells  and  occasionally  snap. 
They  may  seize  small  organisms,  e.g.,  Avorms, 
and  hold  them  till  they  are  dead;  the  de- 
composing organic  remains  are  swept  into 
the  mouth  by  the  currents  caused  by  the 
cilia  of  the  tentacles.  The  vibracula  have 
a  similar  arrangement,  but  present  in  place 
of  the  snapping  beak  a  long  and  extremely 
moveable  flagelliform  filament  (fig.  548). 
Finally  there  are  the  ovicells  (ocecia),  each 
of  which  is  filled  with  an  egg;  they  have 
the  form  of  helmet  or  dome-shaped  appendages  and  are  sessile  on 
the  zooecium  (fig.  547  Ovz). 

The  reproduction  is  partly  sexual  and  partly  asexual;  in  the 
latter  case  it  may  be  effected  by  the  so-called  statohlasts  or  by 
budding.  The  male  and  female  sexual  organs  are  reduced  to  groups 
of  cells  producing  either  spermatozoa  or  ova,  which  usually  arise  in 

*  Ed.  Olaparede,  "  Beitrage  zur  Anatomie  und  Entwickelungsgeschiohte  der 
Seebryozoeu."    Ze  'd.f.  wisx.  Zool.,  Tom.  XXL,  1871. 


Fig.  547. — Sugitla  avicularia 
(.after  Busk).  Te,  Tentacular 
crown  ;  a,  retractor  muscle  ; 
J),  alimentary  canal ;  F,  funi- 
culus; Av,  avicularia;  Oes, 
cesophag^is;  Ovz,  Ovicells. 
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the  same  animals,  more  rarely  in  different  individuals.  The  ovaries 
which  are  filled  with  many  ova  are  placed  on  the  inner  surface  of  the 
anterior  part  of  the  body  wall ;  while  the  testes  with  theip  seminal 
capsules  are  developed  either  on  the  upper  part  of  the  funiculus  or 
near  the  point  of  attachment  of  the  latter  to  the  body  wall.  Both 
kinds  of  generative  products  are  de- 
hisced into  the  body  cavity  where 
fertihzafcion  takes  place.  From  the 
body  cavity  the  fertilized  egg  passes 
either  into  a  bud  of  the  body  wall 
(Alcymiella),  or,  as  in  marine  Bryozoa, 
into  an  external  appendage,  —  the 
oceeium. 

The  name  statoblast  (fig.  549)  was 
given  by  Allman  to  certain  peculiar  re- 
productive bodies,  which  were  formerly 
regarded  as  hard-shelled  winter  eggs,  Fm.  54iS.~Scrupoceiiaria  ferox  (after 
but  by  him  were  recognised  to  be  ^ibracuia. 
germs  which  are  not  fertilised.  The  statoblasts  are  found  only  in 
the  fresh-water  forms.  They  arise  from  masses  of  cells  which 
appear  principally  towards  the  end  of  summer  on  the  funiculus 
(fig.  54-5).  They  usually  possess  a  lens-like,  biconvex  form,  and 
are  covered  by  two  watchglass-shaped,  hard  chitinous  shells,  the 
edges  of  which  are  often  enclosed  by  a  flat  ring  formed  of  cells 

containing  air  (float),  and  some- 
times {Cristatella)  provided  with  a 
crown  of  projecting  spines  (fig.  549). 

A  very  important  part  of  the 
reproduction  is  effected  by  buds 
which  remain  permanently  attached. 
The  process  of  budding  begins  very 
early  in  life,  before  the  development 
of  the  embryo  is  completed,  and 
gives  rise  to  the  formation  of 
colonies.  Parts  separated  off"  from 
the  colony  are  rarely  able  to  produce  new  colonies  {Cristatella, 
Loplwpus). 

The  development  is  always  connected  with  a  metamorphosis.  The 
budding  always  begins  in  the  embryo.  In  the  fresh-water  Eorms, 
after  the  alimentary  tract  and  tentacular  apparatus  have  made  their 
appearance,  a  second  alimentary  canal  and  tentacular  apparatus  arise, 


Fig.  549.— Statoblasts  of  Cristatella  mucedo 
(after  AUmau).  a,  From  the  sui-face; 
b,  from  the  side. 
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SO  that  the  ciliated  embryo  still  enclosed  in  the  egg  membranes  repic 
sents  a  small  colony  of  two  individuals.  In  the  marine  chilostomatous 
Bryozoa  the  fertilized  egg  passes  into  the  ovicell,  which  consists  of 
a  hehnet-shaped  capsule  and  a  vesicular  operculum.  Here  the  egg 
segments  and  develops  into  an  embryo,  which  passes  out  as  a  ciliated 
larva,  and  swims  about  freely  in  the  tea.  The  irregularly  globular 
larva  possesses  a  ring  of  cilia  (fig.  550,  a,  b,  c).  After  some  time  the 
larva  attaches  itself  and  develops  the  tentacular  crown.  The  primary 
zooocium  soon  produces  new  zoa3cia  by  budding;   avicularia  aie 

developed, 
and  final- 
ly, but  not 
until  after 
the  death 
of  the  old- 
er zooecia, 
root  fila- 
ments. 

In  the  Endcyprocta  the  egg  develops  in 
a  brood-pouch  placed  on  the  oral  side  of 
the  animal.  The  segmentation  is  complete, 
and  leads  to  the  formation  of  a  blasto- 
sphere  ;  the  endoderm  arises  by  invagina- 
tion, and  gives  rise  to  the  lining  of  the 
midgut ;  the  oesophagus  and  rectum  being 
formed  from  the  ectoderm  (fig.  551).  The 
mesoderm  arises  from  two  cells.  The  larvse 
of  the  Endoprocta  possess  an  alimentary 
canal  bent  into  the  form  of  a  horse-shoe, 
and  a  ciliated  collar  which  is  protruded 
at  the  front  end ;  further,  they  contain  a 
bud  (fig.  551  e,  Kn),  as  the  first  rudiment 
of  a  second  individual,  and  a  cement  gland  at  the  hind  end  {Dr). 

Other  larval  forms,  which  are  apparently  of  a  very  different 
structure,  are  reducible  to  the  same  type — e.g.,  Cyphonautes 
(fig.  500,  c),  a  larva  which  is  found  in  all  seas,  and  is,  according  to 
Schneider,  the  larva  of  Memhranipora  pilosa. 

After  the  winter  the  contents  of  the  statoblasts  give  rise  to  simple, 
non-ciliated  animals,  which  possess,  when  they  are  hatched,  all  the 
parts  of  the  adult  animal,  at  once  become  attached,  and  produce 
new  colonies  by  budding. 


FiG.550. — (I, Larva  of  Canda  reptans 
(after  Barrois).  6,  Larva  of  Ze- 
pralia  (after  Barrois).  c,  Cypho- 
nautes  (diagrammatic  after 
Hatsohek).  Oe,  mouth ;  A f, 
aims ;  Cb,  tuft  of  cilia ;  Kn, 
bud. 
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The  Biyozoa  are  for  the  most  part  marine,  and  they  attach  them- 
selves to  stones,  Lamellibranch  shells,  corals  and  plants.  Some 
fre::h-water  forms  belonging  to  the  genus  Gristatella  have  the  power 
of  moving  about. 

The  Bryozoa  were  widely  distributed  in  the  earlier  periods,  as 
their  numerous  fossil  remains,  which  increase  in  number  from  the 
Jurassic  period  onwards,  prove. 

Order  1. — Endoprocta.* 


Bryozoa  with  anus  within  the  circle  of  tentacles. 

In  the  structure  of  their  bodies  and  the  formation  of  their  colonies 


Pig.  551 — Development  of  Pedicellina  ecJiinata  (after  B.  Hatschek).  a,  Blastospliere  with 
flattened  side  of  endoderm.  Ec,  Ectode)-m ;  En,  eiidoderm ;  Eh,  segmentation  cavity. 
6,  Later  stage  in  optical  median  section.  One  of  the  two  first  mesoderm  cells  (Ms)  which  lie 
to  the  right  and  left  of  the  middle  line  is  indicated,  c,  Later  stage  iu  optical  median  section. 
Dr,  Cement  gland;  Oe,  oesophagus;  Af,  first  rudiment  of  the  rectum.  d,  Young  larva  iu 
optical  mediaa  section.  A.  Atrium  ;  HD,  rectum  ;  Kn,  bad.  c,  Free-swimming  larva, 
e.vtended.    N,  Excretory  canal ;  L,  liver  cells ;  3Is,  mesoderin  cells. 

the  Endoprocta  present  simpler,  more  primitive  conditions  since  they 
retain  essentially  the  organization  of  the  Bryozoan  larva.  The 
tentacular  apparatus  of  the  adult  is  from  its  origin  directly  re- 
ducible to  the  ciliated  crown  of  the  larva.  Mouth  and  anus  both 
open  within  the  tentacular  circlet  into  a  kind  of  atrium,  which  forms 

*  Besides  Nitsche.  cf.,  B.  Hatschek,  "  Emlwyonal  Entwickelungund  Knospung 
der  Pedicellina  echinata."    Zeit.fiir  wiss.  Zool.,  Tom.  XXVIII. 
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a  brood-pouch  in  which  the  testes  and  ovaries  open  and  the  embryos 
tire  developed.    A  pair  of  ciliated  excretory  canals  is  present. 

Fam.  PedicellinidBB.  Stocks  with  stolons,  on  which  the  long-stalked  indi- 
viduals  project.    J'rdioeUina  aohinata,  Sars.  (fig.  552). 

Pam.  LoxosomidsB.  Long-stalked  solitary  animals.  Loxomm  singnlare  Kef 
L,  neapolita7iwii.  Kow. 

Order  2. — Ectoprocta. 

Bryozoa  toith  anus  opening  outside  the  tentacular  circlet. 
This  group  includes  by  far  the  greater  number  of  the  Bryozoa : 
their  structure  has  been  especially  referred  to  in 
the  precedent  description  of  the  class.  The  anus 
always  opens  outside  the  ring  of  tentacles,  which 
are  either  arranged  in  a  closed  circle  or  on  a 
two-armed  horseshoe-shaped  lophophore. 

Sub-order  1.  Lophopoda  *  (Phylactolaemata 
Allm.). 

Fresh-ioater  Bryozoa  {excepting  the  marine 
Rhahdopleura)  toith  horseshoe-shaped  lophophore 
and  ejnstome. 

The  Lophopoda  are  mainly  distinguished  by 
the  bilateral  arrangement  of  the  numerous  ten- 
tacles on  the  two-armed  lophophore  (fig.  55.3). 
There  is  always  present  above  the  mouth  a 
moveable,  tongue-shaped  process,  the  epistome, 
whence  the  name  Fhylactolcemata  given  by 
AUman  to  this  sub-order.  The  zooids  are  usually 
of  considerable  size,  and,  as  opposed  to  the 
marine  Bryozoa,  they  are  all  alike  (i.e.,  there 
is  no  polymorphism).  The  cells  frequently  com- 
municate with  each  other  and  give  rise  to 
ramified,  or  more  spongy  massive  stocks  of 
always  transparent,  sometimes  horny,  sometimes 
softer  (either  leathery  or  gelatinous)  consistency. 
Statoblasts  are  very  generally  present. 

Fam.  Cristatellidae.  Free-moving  colonies  on  the  upper  surface  of  which  the 
individual  zooids  are  arranged  in  concentric  circles.    Cristatclla  wvcedo  Cuv. 

Fam.  Plumatellidse,  Attached,  massive  or  ramified  colonies  of  fleshy  or 
coriaceous  consistence.  Lopkopvs  crystallinns  Pall.,  Alcyonella  ftiiigosa  Pall., 
Plumatclla  repens  L.  (figs.  5i5,  553). 


Fig.  552.  —  PediceUina 
echinata.  Te,  Tentacu- 
lar crown  ;  O,  mouth  ; 
MD,  alimentary  canal 
(mesenteron) ;  A,  anus  ; 
Ov,  ovary;  G,  gang- 
lion. 


*  G.  J.  AUman,  "  Monograph  of  Fresh-water  Polyzoa."  Ray  Soc,  1856, 
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Sub-order  2.  Stelmatopoda  (Grymnolaemata). 

Bryozoa  tvith  discoidal  lophophore,  tentacles  in  a  closed  circle; 
mouth  'Without  epistome. 

The  Stelmatopoda  are,  with  the  exception  of  the  Paludicellidm, 
all  marine  forms.  They  are  always  without  the  epiglottis-like 
epistome,  and  possess  a  complete  circle  of  less  numerous  tentacles, 
which  arise  from  a  round  buccal  disc  (fig.  547).  In  many  forms, 
as  in  Alcyonidium  gelatinosum,  Membranipora  pilosa,  a  flask-shaped 
ciliated  canal  in  the  body  cavity  has  been  observed ;  it  opens  to  the 
exterior  near  the  tentacles,  and  probably  corresponds  to  the  nephridia 
of  segmented  worms.  Statoblasts  are  only  rarely  present.  The  eggs 
usually  give  rise  to  ciliated  larvie.  The  colonies  are  for  the  most 
part  polymorphic,  being  often  composed  of  root-  and  stem-cells,  with 
vibracula  and  avicularia.  The 
ectocysts  are  sometimes  horny, 
sometimes  incrusted  with  cal- 
careous matter,  and  present 
great  variety  of  form. 

Tribe  1.  Cyclostomata.  The 
orifices  of  the  cells  wide  and 
terminal,  without  movable  ap_ 
pendages.  Most  of  the  species 
are  fossil.  The  living  species 
inhabit  the  Northern  Seas. 

Fam.  Crisiadae.  Colonies  erect 
and  jointed.  CriHa  oormita  Lam., 
Mediterranean  and  North  Sea ; 
C.  ehurnca  L. 

Fam.  Tubuliporidae.    The  zooecia  disposed  in  continuous  rows 
atlantiea  Forb.,  Phalangella  palmata  Wood,  Arctic  Ocean. 


Fig.  553. — Plumatella  repens,  slightly  luagnilied 
(after  AJlman).  Lp,  Lophophore ;  D,  alimentary 
canal. 


Idmonea 


Tribe  2.  Ctenostomata.  Apertures  of  the  cells  terminal;  when 
the  tentacular  sheath  is  retracted  they  are  closed  by  a  circle  of  spines 
as  by  an  operculum.    Stem-cells  and  root-filaments  frequently  occur 

Fam.  Alcyonidiidae.  Zooecia  united  to  form  geLatinous  stocks  of  irregular 
foi'm.    Alrijoiiidium  (/elatinosnm  L.,  Northern  Seas. 

Fam.  Vesicularidse.  Ihe  zooecia  project  as  free  tubes  on  the  branched, 
creeping  or  erect  colonies.  Vesicnlaria  uva  L.,  Farella  2}edioellata  Aid.,  Nor- 
way, Serialaria  Coiitinhii,  Fr.  Mtill. 

Fam.  Paludicellidae.    Fresh- water  forms.  PaludiocUa Uhrenberffii,Yan  Ben. 

Tribe  3.  Chilostomata.    The  apertures  of  the  horny  or  calcareous 
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cells  can  be  closed  by  a  movable  operculum  or  by  a  sphincter  mubcle. 
Avicularia,  vibraciila,  and  ovicells  are  often  present. 

Fam.  CellulariidsB.    Dichotomously  branched  colonies  ;  zooeciiv  in  two  or 
several  rows.    Ccllularia  Pallas,  C.  Peaohii  Busk,  Sorujwcellana  Van  Ben, 
S.  ncrvposa  T;. 

Fani.  BicellariidsB,  ZocKcia  conical  or  quadrangular,  bent.  Lateral  face  on 
whicli  the  aperture  is  placed  is  elliptical,  and  placed  obliquely  to  the  m-idian 
jjlane  of  the  axis.    JJii(/ida  Oken,  B.  avioularia  L.  (fig.  547). 

Fam.  MembraniporidBB.  Zooecia  more  calcified  and  united  to  form  an  in- 
crusting  colony,  JUrmhr/mijiora  Blaiiiv.,  3L  jfHom  L.,  Adriatic  ;  Lrjiralta 
2)ertum  Esp,,  Adriatic ;  Fiustra  mcmhranaoca  L, 

Fam.  ReteporidsB.  Zooecia  oval-cylindrical,  united  to  a  reticulated  colony. 
Retcpora  Lain.,  It.  ccUulusa  L.,  Mediterranean  to  the  Arctic  Ocean. 

0  L 


Fig.  554.— Anatomy  of  Waldheimia  austrcdis,  seen  from  the  side  (after  Hancock)    Do,  Dorsal 
Bide;  Ve,  ventral  side  of  tlie  mantle;  St,  peduncle;   Ma,  adductor;  Md,  divaricator 
Ar,  arms :  Vw,  anterior  body  wall ;  Oe,  oesophagus  ;  1),  intestine  ending  blindly  :  0,  point 
of  opening  of  the  liver  (Z) ;  Tr,  funnel  of  the  oviduct. 

Class  II.— BRACHIOPODA. - 

Fixed  Molluscoidea,  with  anterior  (dorsal)  and  ^^osterior  (ventral) 
shell-valves,  with  two  spirally-coiled  buccal  arms. 

The  more  recent  researches  into  the  development  have  shown  that 

*  E.  Owen,  "  On  the  anatomy  of  the  Brachiopoda."    Transact.  Zool.  Soc, 

London,  1835.  ,   „  r,,  -7   /r^  t 

A.  Hancock,  "  On  the  organisation  of  the  Brachiopoda.    P/nl.  Trans.,  Lon- 

^^Davidson,  "  Monograph  of  the  British  fossil  Brachiopoda."  1858. 

Lacaze-Duthiers,  '•  Histoire  naturelle  des  Bracliiopodes  vivants  de  la  Mediter- 
ranee."   Ann.  des.  Sc.  Nat.,  1871,  Tom.  XV. 

Kowalevski,   "  Eussische  Abhandlung   iiber  Brachiopoden-Entwickelung. 

Moskau,  1874.  ,  ^.        ...  . 

W.  K.  Brooks,  "The  development  of  Lingula.  and  the  systematic  position  ot 
the  Brachiopoda."    Cla'sai)ealte  Zool.  Lai.  Scient.  Ecsults,  1878. 
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the  Brachiopoda,  which  have  hitherto  been  regarded  as  Molkiscs,  are 
closely  related  to  the  Bryozoa. 

The  Brachiopoda  possess  a  large  body,  enclosed  in  a  bivalve  shell, 
of  which  one  valve  is  anterior  (dorsal  valve),  the  other  posterior 
(ventral  valve)  (fig.  554).  Both  valves  lie  upon  corresponding  folds 
of  the  integument  (mantle  lobes),  and  are  often  connected  on  the 
back  by  a  kind  of  hinge,  above  which  the  usually  more  arched 
ventral  valve  projects  like  a  beak.  This  ventral  valve  is  either 
directly  fused  with  foreign  bodies,  or  the  animal  is  attached  by  a 
peduncle  projecting  through  the  opening  of  the  beak  (fig.  St). 
The  peduncle  may,  however,  pass  out  between  the  two  valves  [Lin- 
gula).  The  valves  of  the  shell  are  cutieular  structures  secreted  by 
the  skin  and  impregnated  with  cal- 
careous salts ;  they  are  not  opened 
by  a  ligament,  but  by  special  groups 
of  muscles  (fig.  554  Md) ;  they  are 
closed  aleo  by  muscles  which  are 
placed  near  the  hinge,  and  pass 
transversely  from  the  dorsal  to  the 
ventral  surface  through  the  body 
cavity  (fig.  554  Ma). 

The  body  is  bilateral  and  enclosed 
by  the  shell ;  it  possesses  two  large 
reduplications  of  the  integument, 
the  two  mantle  lobes,  which  are 
applied  to  the  inner  surface  of  the 
shell.  The  edges  of  the  mantle 
lobes  are  thickened,  and  carry  very 
regularly-arranged  setfe.  The  mantle  may  also  produce  within  its 
own  substance  calcareous  spicules  or  a  continuous  calcareous  network. 

The  mouth  is  placed  between  the  bases  of  the  two  spiral  arms  and 
leads  into  the  oesophagus ;  the  latter  passes  into  the  intestine,  which 
is  attached  by  ligaments  and  surrounded  by  large  hepatic  lobes.  The 
intestine  either  describes  a  single  bend,  or  is  of  considerable  length 
and  coiled  {^Discina,  Lingula).  In  the  latter  case  it  opens  into  the 
mantle  cavity  by  an  anus  placed  on  one  side  of  the  middle  line; 
while  in  the  hinged  Brachiopoda  {Terebrahda,  Waldheimia)  there  is 
no  anus,  and  the  intestine  ends  blindly  in  the  body  cavity  (fig.  5.54). 
Sometimes  the  end  of  the  intestine  is  continued  into  a  string-like 
organ  {Thecidiuvi). 

The  two  buccal  arms  are  supported  by  a  hard  framework,  con- 

VOL.  II.  g 


Fig.  555.— Dorsal  valve  of  sheJl  of  Wald- 
heimia  australis  with  the  brachial  skeleton 
(after  Hancock). 
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sisting  of  calcareous  processes  of  the  dorsal  valve  of  the  shell  (fi^^. 
555).    They  have  the  form  of  long  appendages  rolled  up  in  a  conical 
spiral  on  the  anterior  side  of  the  body;  and  they  are  traversed,;, 
are  the  labial  palps  of  many  Lamellibranchs,  by  a  groove.   The  ed^i 
of  the  groove  give  rise  to  close-set  and  long  fringes  composed  of  still' 


JJ 


Fig.  556.— Development  of  Argiope  (after  Kowalevski).  a,  Larva,  the  gastric  cavity  of  which 
has  given  rise  to  the  diverticula  of  the  body  cavity  (L!i);  D,  giit.  b,  Larva  with  three 
regions  or  segments,  c,  Larva  with  four  bundles  of  setse  in  the  mantle-lobes  of  the  middle 
segment,  d,  Later  stage,  e,  Attached  larva  with  mantle  lobes  bent  anteriorly,  f,  The 
tentacles  (T)  are  developed  ;  St,  peduncle. 


and  movable  filaments,  the  ciliated  covering  of  which  produces  a 
strong  current  which  leads  small  particles  of  food  to  the  mouth 
opening. 

The  heart  is  placed  on  the  dorsal  side  of  the  anterior  part  of  the 
intestine  (stomach).    It  receives  the  blood  through  a  venous  trunk 
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running  on  the  oesophagus,  and  gives  off  several  lateral  arterial 
ti'unks.  The  vascular  system  is  not  closed,  but  is  in  connection  with 
a  blood  sinus  suri-ounding  the  alimentary  canal,  with  the  lacunae 
of  the  viscera  and  with  a  well-developed  system  of  lacunae  in  the 
mantle  and  arms.  In  the  latter  the  blood  is  brought  into  close 
osmotic  relation  with  the  water,  over  a  large  surface ;  the  inner 
surface  of  the  mantle  and  the  spiral  arms  are,  therefore,  correctly 
regarded  as  respiratory  organs. 

Excretory  organs. — Two,  rarely  four,  canals,  which  are  provided 
with  glandular  walls  and  open  on  each  side  of  the  intestine  with  a 
funnel-shaped  aperture  (fig.  554  T r)  into  the  body  cavity,  and  on 
either  side  of  the  mouth  to  the  exterior,  are  to  be  regarded  .as  kidneys 
(corresponding  to  the  segmental  organs  of  Annelida.)  They  function 
at  the  same  time  as  generative  ducts, 
and  were  called  oviducts  by  Hancock. 

The  nervous  system  consists  of  a 
circumcesophageal  ring  on  which  two 
small  supracBSophageal  ganglia  are  in- 
serted. The  suboesophageal  ganglionic 
swelling  of  the  ring  is,  however,  much 
larger,  and  from  it  nerves  pass  out  to 
the  dorsal  mantle  lobe,  the  arms  and  ad- 
ductor muscles,  and  to  two  small  ganglia 
which  supply  the  ventral  mantle  lobe 
and  the  pedunctdar  muscle  with  nerves. 
Sense  organs  are  not  known  with  cer- 
tainty. 

Generative  organs. — In  all  probability  most  Brachiopoda,  as 
Discina,  Thecidiimi  and  Terebratulina  are  dioecious.  The  sexual  organs 
consist  of  thick  yellow  bands  and  ridges  which  have  a  paired  arrange- 
ment and  project  from  the  body  cavity  into  the  lacunae  of  the  mantle, 
and  are  there  considerably  ramified.  The  eggs  pass  from  the  glands 
into  the  body  cavity,  and  are  conducted  to  the  exterior  by  the  ovi- 
ducts (excretory  organs)  whose  funnel-shaped  internal  openings  have 
already  been  mentioned. 

Development  (fig.  556).— After  a  total  segmentation  a  kind  of 
gastrula  is  formed,  usually  by  invagination,  and  the  archenteron 
{Argiope)  becomes  divided  as  in  Sagitta  into  a  median  cavity,  and 
two  lateral  diverticula  which  are  constricted  oflf  and  give  rise  to  the 
body  cavity  (fig.  556  a,  b).  The  oval  larva  then  elongates  -  and 
becomes  divided  by  constrictions  into  three  segments  (fig.  556  b,  c), 


Fig.  557  a. — Larva  of  Lingula  (afte; 
Brooks).  T,  Tentacles  ;  0,  mouth  ; 
D,  alimentary  canal ;  Af,  anus ;  L, 
liver ;  St,  rudiment  of  peduncle. 
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of  which  the  anterior  becomes  umbrella-shaped,  and  develops  cilia 
and  eye-spots ;  subsequently  it  atrophies  and  gives  rise  to  the  upper 
lip.  A  fold  is  formed  on  the  middle  segment ;  this  gives  rise  to  the 
two  mantle  lobes,  which  soon  cover  the  body  and  a  part  of  the  caudal 
segment  (fig.  55G,  d).  Four  bundles  of  long  setaj,  which,  as  in  the 
Worms,  can  be  drawn  in  and  protruded,  make  their  appearance  on 
the  ventral  lobe  of  the  mantle  of  the  developing  larva.  Later  the 
larva  becomes  attached  and  the  metamorphosis 
begins.  The  fixed  posterior  segment  becomes  the 
peduncle ;  the  mantle  lobes  bend  forward  and 
produce  the  shell.  The  bundles  of  setae  are 
thrown  off ;  the  deposition  of  calcareous  matter 
in  the  shell  begins,  and  the  tentacular  filaments 
(which  are  at  first  arranged  in  a  circle)  of  the 
later  arms  make  their  appearance.  In  Thecidium 
the  inner  layer  (mesoderm  and  endoderm)  arises 
from  masses  of  cells  which  are  budded  ofi"  into 
the  segmentation  cavity.  The  subsequent  meta- 
morphosis of  the  larva  when  provided  with 
tentacles  has  been  most  accurately  investigated 
by  Brooks  for  Lingula,  the  larvae  of  which  are 
still  free-swimming  when  the  tentacles  are  being 
developed  (fig.  557,  a,  h). 

At  the  present  day  but  few  Brachiopods  are 
found  in  the  different  seas,  as  compared  with  the 
much  larger  number  in  the  earlier  formations : 
certain  species  of  these  fossil  Brachiopods  have 
great  importance  as  characteristic  fossils.  The 
oldest  fossils  also  belong  to  the  Brachiopoda 
and  certain  genera  which  first  appeared 
the  Silurian  have  persisted  to  the  present  day 
{Lingula). 


Fia.  557  I). — Longitudi- 
nal section  of  au  older 
larva  (after  Brooks). 
Do,  Doreal;  Ve,  ven- 
tral valve  of  the  shell ; 
Mr,  thickened  mantle 
edge  ;  T,  tentacles  ;  0, 
mouth  ;  Md,  stomacli  ; 
Ad,  intestine ;  M,  pos- 
terior mnscle;  0,  gang- 
lion. 
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Order  1. — Ecardines  (Inarticulata.). 

Shell  without  hinge  and  brachial  skeleton.  Alimentary  canal 
with  laterally-placed  anus.  Edges  of  the  mantle  lobes  completely 
separated. 

Fam.  Lingulidae.    Lingula  anatina  Lam.,  Indian  Ocean, 
Fam.  Discinidae.    Discina  lamellosa  Brod.,  South  America. 
Fam.  Craniadse.    Crnni/i  anomala  Miill.,  North  Sea;   Cr.  ruatrata  Hoev., 
Mediten-anean  ;  Cr.  antiqua  Defr.,  fossil  from  the  Chalk. 
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Order  2. — Testicardines. 

The  shell  is  calcareous,  with  hinge  and  brachial  skeleton.  The 
intestine  ends  blindly. 

The  exchisively  fossil  families  of  the  OrtMdfle  and  Productidse  (Prodnetm 
Sav.),  the  edge  of  the  shells  which  have  no  hinge,  form  the  transition  between 
the  two  orders. 

Fam.  Rhynchonellidae.  RhynGhonella  psittacca  Lam.,  fossil  species  found  in 
the  Silurian.  Fenlamcrus  Sow.,  contains  only  fossil  species  from  the  Silurian 
and  Devonian  formations.  The  fossil  Sfmferidm  are  allied  here  {Spirifer 
Sow.). 

Fam.  Terebratulidse.    Thecidiwn  mediterraneum  Eiss.,  Waldheimia  King;  , 
TarehraUaa  vitrea  Lam.,  Mediterranean  ;  Tereiratulina  caput  serpentis  L,, 
North  Sea  ;  Ao-giope  Dp. 


CHAPTER  III. 

TUNICATA* 

Bilateral,  saccular,  or  barrel-sJmped  animals ;  the  respiratory  cavity 
with  tioo  wide  openings,  between  which  is  placed  a  simple  nerve 
ganglion.    Heart  and  hranchice  are  present. 

The  Timicata  owe  their  name  to  the  presence  of  a  gelatinous  or 
cartilaginous  envelope  or  mantle  (the  tunica  externa  or  testa),  which 
completely  surrounds  the  body.  The  body  is  saccular  (Ascidians) 
or  barrel-shaped  {Salpce).  In  all  cases  there  is  at  the  anterior  end 
a  wide  opening  (figs.  558,  559,  0),  which  can  be  closed  by  means  of 
muscles,  and  often  also  by  valves.  Through  this  opening  water  and 
nutiient  matters  pass  into  the  pharyngeal  cavity,  which  also  serves 
as  a  respiratory  organ.  At  some  distance  (Ascidians)  from  this  first 
opening,  or  at  the  opposite  end  of  the  body  (Salpce),  there  is  a  second 
opening  (figs.  558,  559  A),  which  can  also  be  closed;  this  serves  as 
the  exhalent  opening  of  the  cloacal  cavity  {Kl),  which  communicates 
with  the  pharyngeal  cavity. 

*  J.  C.  Savigny,  "  M^moires  sur  les  animaux  sans  vertebres,  II. "  Paris, 
1815. 

Chamisso,    "  De  animalibus  quibusdam  e  classe  Vermium."    Berlin,  1819. 

Milne  Edwards,  "  Observations  sur  les  Ascidies  composees  de  cotes  de  la 
Manche."    Mem.  Acad.  Sc.  Paris,  1839. 

A.  Kowalcvski,  "  Weitere  Studien  liber  die  Entwickelung  der  einfachen 
Ascidicn."    Aroh.fiir  iniltr.  Anatomic,  Taf.  VI.,  ItsTO. 
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The  integument  is  sometimes  gelatinous  and  sometimes  of  leathery 
or  cartihiginous  consistency,  and  is  often  clear  as  crystal  or  trans- 
parent, but  sometimes  opaque  and  variously  coloured.  The  outer 
surface  is  smooth  or  warty,  sometimes  spiny  or  felted.  This  external 

integument,  which  completely 
envelopes  the  body,  is  called  the 
external  mantle  {tunica),  and  was 
formei-ly  regarded  as  a  sort  of 
shell  and  compared  to  the  bivalve 
shell  of  the  Lamellibranchs.  This 
view  seemed  to  be  supported 
by  the  interesting  discovery  of 
Lacaze-Duthiers  *  that  there  are 
Ascidians  in  which  the  stiff 
cartilaginous  tunic  is  split  into 
two  separate  valves  which  can 
be  closed  by  special  muscles 
{Ghevreulius).  As  a  matter  of 
fact,  this  is  simply  an  external 
analogy,  for  the  mantle  space 
corresponds  to  an  atrial  cavity, 
and  the  branchial  sac  to  the 
pharyngeal  sac.  The  substance 
of  the  mantle  arises  as  a  cuticu- 
lar  excretion ;  it  consists  of  a 
matrix  containing  cellulose  and 
cells,  and  therefore  with  respect 
to  its  structure  is  a  kind  of 
connective  tissue.  In  the  colonial 
Tunicates  the  external  mantles 
of  all  the  individuals  may  fuse 

FiG.553.— aaMH;naiej)adj/orr/i?:.?(regneanimal),   together    tO     form     a  COmmon 
somewhat  diagrammatic.  0,  Moutli ;  5)-,  gUls ;  magg. 
End,  endostyle ;  Oe,  oesophagus;  (?,  nervous        -r>  i  i 

centre;  Ji//>,  stomach;    J, cloacal  space;  ^,      Beneath  the  saccular  mantle 

exhalent  pore ;  Af,  amis;  ffO,  genital  gland;  Ijgg  ^J^g  \yQ^j  ^aJ^  of  ^J^g  animal, 
©fif,  genital  duct ;  ^.stolons.  n   t      i  o     ^  •  ^ 

the  outer  cellular  layer  or  which 
is  applied  to  the  mantle  and  represents  the  ectodermal  epithelium 
which  has  produced  the  mantle  and  also  the  subjacent  so-called 
internal  mantle  layer.    Within  the  latter  all  the  organs  of  the 


*  Lacaze-Duthiers,  "  Sur  un  nouveau  d'Ascidien."  Ann.  drs  Sc.  Xat.  V". 
Ser.,  Tom.  IV.,  1865. 
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body —the  muscles,  nervous  system,  the  digestive  apparatus,  the 
crenerative  and  circulatory  organs,— lie  embedded  in  a  kind  of  body 
cavity. 

The  nervous  system  is  confined  to  a  simple  ganglion,  the  position 
of  which  near  the  inhalent  aperture  marks  the  dorsal  surface.  The 
nerves  which  radiate  from  the  ganglion  branch  and  pass,  some  to 
the  muscles  and  viscera,  some  to  the  sense  organs— such  as  eyes, 
auditory  and  tactile  organs— which  are  found  principally  in  the  free- 
swimming  Tunicates. 

The  muscular  system  is  chiefly  developed  around  the  respiratory 
cavity,  and  serves  for  the  dilatation  and  contraction  of  this  space  as 
well  as  for  closing  the  inhalent  and  exhalent  pores.  In  the  Ascidians 
there  are  three  layers  of  muscles,  an  external  and  internal  longi- 


Fi&.  55Q.—Salpa  democratica  from  the  side,  somewhat  diagrammatic.  0,  Mouth  ;  Ph,  pharyngeal 
cavity;  Kl,  cloaca:  A,  exhaleut  opening ;  Br,  gills;  N,  nervous  centre;  Ma,  mantle; 
M,  musciUar  rings;  Z,  languet ;  Wb,  ciliated  arc;  £nd,  qndostyle;  Wr,  ciliated  groove; 
Nu,  nucleus  ;  C,  heart. 

tudinal  and  an  internal  circular  layer,  while  in  the  Salps  there  are 
band-like  rings  of  muscles  embedded  in  the  substance  of  the  body- 
wall,  and  effecting  not  only  the  renewal  of  the  water  used  in 
respiration,  but  also  the  movements  of  the  free-swimming  barrel- 
shaped  body.  A  special  organ  of  locomotion  is  present  in  the  small 
Appendicidaria  and  the  free-swimming  Ascidian  larvse ;  it  is  placed 
on  the  ventral  surface  as  indicated  by  the  position  of  the  heart,  and 
consists  of  a  vibratile  whip-like  caudal  appendage  svipported  by  a 
notochordal  rod  {urochord). 

The  alimentary  canal  begins  in  all  cases  with  a  wide  pharyngeal 
cavity,  which  functions  as  a  respiratory  organ.  The  anterior  mantle 
opening,  which  must  be  looked  upon  as  the  mouth,  leads  into  this 
cavity.    The  oesophageal  opening  is  placed  at  a  distance  from  the 
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mouth  inside  this  respiratory  cavity,  which  in  the  Ascidians  has 
the  form  of  a  latticed  branchial  sac.  A  ciliated  groove  bounded  by 
two  folds  extends  along  the  middle  ventral  line  of  the  pharyngeal 
cavity,  between  the  mouth  and  the  opening  of  the  oesophagus.  The 
glandular  walls  of  this  ventral  groove  are  distinguished  as  the  endo- 
style  (ligs.  558  and  559,  End).  It  begins  with  two  lateral  cUiated 
arcs,  which  unite  to  form  a  complete  ring  near  the  inhalent  aperture 
(mouth),  and  somewhat  in  front  of  the  ganglion  pass  over  a  small 
cone  projecting  into  the  pharyngeal  cavity. 

The  digestive  canal  which  follows  the  pharyngeal  cavity  consists 
of  a  ciliated  oesophagus,  which  is  usually  nan-owed  into  the  form  of 
a  funnel ;  of  a  stomach,  usually  provided  with  a  liver ;  and  of  a  small 
intestine,  which  bends  round,  forming  a  loop,  and  opens  into  the 
cloacal  cavity. 

There  is  always  a  heart,  which  is  placed  on  the  ventral  side  of  the 
intestine  and  is  surrounded  by  a  delicate  pericardium.  The  con- 
tractions, which  are  active  and  regular,  pass  from  one  end  of  the 
heart  to  the  other. 

The  sudden  change  in  the  direction  of  the  contractions  (discovered 
in  the  Salps  by  Hasselt),  by  which  after  a  momentary  period  of  rest 
the  direction  of  the  blood  stream  in  the  heart  is  reversed,  is  worthy 
of  note.  The  vascular  trunks  (lacunje)  passing  from  the  heart  lead 
into  a  system  of  spaces  in  the  body  wall  through  which  the  blood 
passes.  In  the  Ascidians  there  are  also  vascular  loops  in  the  mantle, 
in  that  diverticula  of  the  body  wall,  containing  blood  and  covered 
with  epidermis,  project  into  the  mantle.  Two  principal  channels 
for  the  blood  are  placed  in  the  middle  line — one  on  the  dorsal  side, 
and  the  other  on  the  ventral  beneath  the  ventral  groove ;  they  are 
connected  by  transverse  channels  placed  in  the  wall  of  the  branchial 
cavity.  The  latter  communicate  with  the  blood  spaces  of  the 
variously-shaped  branchia,  which  is  formed  by  the  walls  of  the 
pharynx,  and  over  the  surface  of  which  the  water  is  continually 
renewed  by  means  of  the  vibratile  cilia  which  cover  it.  In  the 
Ascidians  almost  the  entire  wall  of  the  pharynx  takes  part  in  the 
formation  of  the  gill.  In  these  animals  the  phaiynx  has  the  form 
of  a  sac  with  net-like  walls — i.e.,  its  walls  are  perforated  by  a  number 
of  slits,  which  lead  from  the  pharynx  into  a  chamber  which  is  de- 
veloped round  it.  This  chamber  is  derived  from  the  cloacal  cavity, 
and  is  known  as  the  peribranchial  chamber.  The  branchial  sac  or 
pharynx  is  fixed  to  the  walls  of  the  peribranchial  cavity  along  the 
whole  length  of  the  endostyle,  and  by  numerous  short  trabeculas 
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which  pass  from  the  bars  of  the  branchial  network  to  the  outer  wall 
of  the  peribranchial  chamber.  In  other  cases,  the  number  of  gill- 
slits  is  considerably  reduced,  and  the  gill  is  confined  to  the  dorsal 
part  of  the  pharyngeal  wall  {Boliolum,  Salpa). 

Generative  Organs. — The  Tunicates  are  hermaphrodite ;  the  male 
and  female  generative  products,  however,  often  attain  maturity  at 
6     diflferent  times.    The  Salps  especially,  at  the  time  of  their  birth, 
j     have  only  the  female  organs,  and  it  is  not  until  later  when  they 
d     are  pregnant  that  the  male  organs  attain  maturity.    In  Ferophora 
j     the  testes  become  mature  first,  in  the  BotrylUdce  the  ova.   The  testes 
and  ovaries  lie,  as  a  rule,  among  the  viscera  in  the  hind  part  of  the 
I     body.    The  ovaries  have  the  form  of  racemose  glands,  the  testes  of 
blind  tubes  united  in  tufts.    The  generative  ducts  of  both  sexes 
open  into  the  cloacal  chamber,  in  which  (rarely  in  the  place  where 
the  germs  originate)  the  fertilization  of  the  ovum  and  the  develop- 
ment of  the  embryo  takes  place.    The  embryo  either  leaves  the 
cloacal  chamber  through  the  exhalent  aperture  while  still  enveloped 
by  the  egg-membranes,  or  is  nourished  by  a  sort  of  placenta  and 
born  at  a  more  advanced  stage  of  development  {Salpa). 

In  addition  to  the  sexual  reproduction,  the  asexual  reproduction 
by  means  of  budding  is  very  general,  and  frequently  leads  to  the 
formation  of  colonies  with  very  characteristic  grouping  of  the  indi- 
viduals. The  budding  sometimes  takes  place  on  different  parts  of 
the  body,  sometimes  is  confined  to  definite  places  or  to  a  germ-stock 
{stolo  prolifer).  The  colonies  thus  produced  do  not  by  any  means 
always  remain  fixed ;  but,  as  e.g.,  Pyrosoma,  may  possess  the  power  of 
moving  from  one  place  to  another,  or,  as  in  the  Salp-chains,  they  can 
SAvim  tolerably  rapidly. 

The  embryonic  development  of  the  Ascidians  presents  a  great  re- 
semblance to  that  of  the  lower  Vertebrates,  a,nd  more  especially  to  that 
of  Amjyhioxus.  After  the  completion  of  the  total  segmentation  a  two- 
layered  gastrula  is  formed,  from  the  ectoderm  of  which  the  neural  tube 
is  developed.  At  the  same  time  an  axial  skeletal  structure,  like  the 
chorda  dorsalis,  arises  from  a  double  row  of  endoderm  cells.  The 
relative  positions  of  the  alimentary  canal,  the  nervous  system  and  the 
notochord  are  analogous  to  those  of  the  Vertebrates. 

The  post- embryonic  development  of  the  Ascidians  is  complicated. 
The  embryos  leave  the  egg-membranes  as  movable  larvae  (Ascidian 
tadpoles)  provided  with  a  swimming  organ  (tail)  and  an  eye-spot. 
They  swim  about  freely  for  some  time,  and  in  many  cases  produce  a 
small  colony  by  budding  before  becoming  fixed.    In  the  Sal23s  and 
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Doholum  there  is  an  alternation  of  generations,  which  was  discovered 
in  the  case  of  Doliolum  by  Chamisso  long  befoi-e  Steenstrup.  The 
solitary  Salp,  developed  from  the  fertilized  ovum  of  the  viviparous 
sexual  form  remains  asexual  aU  its  life,  but  from  its  atolo  prolifer 
chuius  of  Salps  are  produced,  the  individuals  of  which  differ  consider- 
ably in  form  from  the  asexual  animals  and  are  sexual.  In  Doliolum 
the  alternation  of  generations  is  much  more  complicated,  inasmuch 
as  several  generations  succeed  one  another  in  the  cycle  of  develop- 
ment. 

All  the  Tunicata  are  marine  animals  and  feed  on  Algce,  Diatoms, 
and  small  Crustacea.  Many,  and  especially  the  transparent  Pyroso- 
miclce  and  Salpidce,  are  phosphorescent,  emitting  a  beautiful  and 
intense  light. 

CLASS  I.— TETHYODEA*  (Ascidians). 

F or  the  most  part  fixed  Tunicata  with  saccular  bodies.  The  inhalent 
and  exhalent  pores  are  placed  close  together,  and  the  branchial  sac  is 
large.    Development  by  means  of  tailed  larvae. 

The  body  of  these  animals,  as  the  name  Ascidia  implies,  has  the 
form  of  a  more  or  less  elongated  tube  or  sac  with  two  openings,  which 
are  usually  close  to  one  another  ;  of  these  openings  the  anterior  is  the 
mouth  and  the  posterior  the  cloacal  opening.  More  rarely,  as  in  the 
Botryllidce  and  the  free-swimming  Pyrosomidce,  the  two  openings  are 
placed  at  a  considerable  distance  from  one  another  at  the  opposite 
ends  of  the  body.  The  mouth  can  be  closed  by  a  sphincter  muscle, 
and  in  many  cases  by  four,  six,  or  eight  marginal  lobes  (fig.  56U). 
The  edge  of  the  exhalent  opening,  which  can  also  be  closed,  and  which 
is  placed  behind  the  mouth  on  the  neural  (dorsal)  side,  is  often 
similarly  divided  into  four  to  six  lobes.  The  spacious  pharynx  which, 
as  a  rule,  has  the  form  of  a  latticed  branchial  sac,  contains  at  some 

*  Besides  the  already  quoted  works  of  M.  Edwards  and  Savigny,  Cf.  J.  C. 
Savigny,  "  Tableau  systcmatlque  des  Ascidies,  etc."    Paris,  1810. 

Eschricht,  "  Auatomisk  Beski-ivelse  af  Chelyosoma  Mac-Leyanum."  Kioven- 
havn,  1842.  ^ 

Van  Beneden,  "  Eecherches  sur  I'EmbryogSnie,  I'Anatomie  et  la  Physiologic 
des  Ascidies  simples."    Mem.  de  V Acad.  roy.  de  Bclgique,  Tom.  XX.,  184G. 

A.  Krohn,  "  Ueber  die  Entwickelung  von  Phallusia  mammillata."  MuUer's 
Archh;  1852. 

A.  Krohn,  "Ueber  die  Fortpflanzungsverhaltnisse  bei  den  Botrylliden  und 
iiber  die  friiheste  Bilduug  dcr  Botryllusstocke."  Arckiv  fiir  Katrtracschichte, 
Tom.  XXXV.,  1869. 

Th.  Huxley,  "  Anatomy  and  development  of  Pyrosoma."  Trans.  Lin.  Soc, 
Vol.  XXIII.,  1859. 
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distance  from  the  mouth  a  circle  of  usually  simple  tentacles.  On  the 
neural  side  of  the  branchial  sac  is  the  cloacal  cavity  which  receives 
not  only  the  water  flowing  out  through  the  branchial  slits,  but  also 
the  fences  and  the  generative  products.  The  digestive  canal,  together 
with  the  other  viscera,  is  some- 
times placed  as  in  all  the  simple 
Ascidians  rather  to  the  side  of 
the  branchial  sac  or,  as  in  the 
elongated  forms  of  the  compound 
Ascidians,  simply  behind  the 
same,  and  in  the  latter  case 
often  occasions  a  constriction  of 
the  body,  so  that  Milne  Edwards 
was  able  to  distinguish  a  thorax 
and  abdomen,  or  even  a  thorax, 
abdomen  and  post-abdomen. 

The  Ascidians  either  remain 
solitary,  and  then  usually  attain 
a  considerable  size  (^A.  solitarice), 
or  by  budding  and  throwing 
out  root-processes  they  produce 
branched  colonies,  the  individuals 
of  which  are  connected  together 
by  their  body  walls,  and  are  not 
embedded  in  a  common  mantle 
covering  (^A.  sociales).  In  other 
cases  (Synascidice)  numerous  in- 
dividuals live  in.  a  common  man- 
tle ;  they  often  have  a  charac- 
teristic arrangement  around  a 
common  central  opening  (^A. 
compositce),  so  that  each  group 
has  its  central  cavity,  into  which 
the  exhalent  [i.e.  atrial)  openings 
lead  as  into  a  common  cloacal 
cavity  (fig.  561).  There  are 
solitary  (Appendicularia)  as  well 
as  compovmd  Ascidians  (Fyrosoma)  which  can  move  freely.  The 
solitary  Appendicularice  execute  the  most  perfect  swimming  move- 
ments. In  their  external  form  they  resemble  the  free-swimming 
Ascidian  larv£e,  and  like  these  they  have  a  whip-like  swimming 


Fig.  bGO.—Clavellina  lepadiformis  (regne  ani- 
mal), somewhat  diagrammatic.  0,  Mouth ; 
Br,  branchise  ;  Und,  endostyle  ;  Oe,  oesophagus  ; 
G,  nervoiis  centre  ;  MD,  stomach ;  Kl,  cloacal 
chamber ;  A,  exhaleut  pore  ;  Af,  anus ;  GD, 
genital  gland ;  Gg,  duct  of  genital  gland  ; 
^,  stolons. 
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tail,  which  by  its  undulating  movements  propels  the  body 
forwai'd. 

In  order  to  understand  the  structure  of  the  Ascidians,  it  will  be 
well  to  start  from  these  simply  organised  forms.  The  most  striking 
character  of  the  Appendicularia,  next  to  the  possession  of  the 
ventrally-placed  swimming  tail  with  its  notochord-Iike  skeletal  axis 
(urochord),  consists  in  the  absence  of  a  cloacal  chamber  for  the 
reception  of  the  excreta.  The  anus  is  placed  in  the  middle  line  of  the 
ventral  surface ;  further,  there  are  two  funnel-shaped  atrial  canals 
which   begin    on    either  side  with  a   strongly-ciliated  opening 

into  the  pharyngeal  sac,  and  open 
to  the  exterior  right  and  left, 
usually  rather  in  front  of  the 
anus.  These  branchial  passages 
arise  as  invaginations  of  the  ecto- 
derm, which  come  into  connection 
with  corresponding  evaginations 
of  the  pharyngeal  sac.  The  in- 
troduction of  nourishment  is 
regulated  by  two  ciliated  arcs, 
Avhich  begin  at  the  front  end  of 
a  short  endostyle,  surround  the 
entrance  of  the  pharyngeal  sac, 
and  run  obliquely  towards  the 
dorsal  surface,  Avhere  they  unite 
to  form  a  median  row  of  cilia 
(composed  of  two  rows  of  ciliated 
cells).  The  latter  passes  back 
to  the  opening  of  the  oesophagus, 
opposite  a  narrow  ventral  ciliated 
band,  which  begins  at  the  hind  end  of  the  endostyle  (fig.  562). 

The  Ascidian  larvae  (Fhallnsia)  also  have,  as  Krohn  long  ago 
discovered,  two  branchial  slits  with  corresponding  atrial  passages. 
The  latter,  according  to  Kowalevski,  arise  as  invaginations  of  the 
ectoderm,  and  later  on  unite  on  the  dorsal  side,  and  then  open  by  a 
common  cloacal  orifice.  The  ectodermal  lining  of  the  atrial  cavity, 
Avhich  grows  round  the  sides  of  the  pharyngeal  sac,  consists,  therefore, 
of  a  branchial  layer  which  is  applied  to  the  pharynx,  and  a  parietal 
layer  which  forms  the  internal  lining  of  the  outer  wall  of  the  peri- 
branchial  or  atrial  cavity.  The  atrial  cavity  extends  round  the 
pharynx  as  far  as  the  sides  of  the  endostyle.     The  wall  of  the 


Fig.  561.— Boinjllus  violaceus  (after  M.  Ed- 
wards). 0,  Mouth ;  A,  common  cloacal 
opening  of  a  group  of  individuals. 
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pharynx  becomes  perforated  by  an  ever-increasing  number  of  slits, 
and  thus  gives  rise  to  the  branchial  basket-work. 

The  special  form  of  the  branchial  basket-work  presents  numerous 
modifications  of  systematic  value.  Not  only  is  the  external  surface  of 
the  branchial  sac  attached  to  the  body-wall  by  trabeculse  and  bands, 


Fio.  562. — Appendicularia  (Fvitillaria)  furcata.  a,  From  the  ventral  side  with  the  tail  bent 
forwards.  GD,  Genital  glands  ;  M,  muscles  of  the  tail,  b,  From  the  ventral  side  after 
the  caudal  appendage  has  been  removed.  0,  Mouth ;  End,  endostyle ;  Sp,  the  two 
ciliated  passages  of  the  pharyngeal  cavity ;  D  W,  the  dorsal  row  of  cilia ;  Oe,  oesophagus  ; 
Mil,  stomach  ;  Af,  anus ;  Br,  glands ;  C,  heart ;  Ov,  ovary  ;  T,  testis. 

through  which  the  blood  passes,  but  the  internal  surface  also  often 
presents  folds  and  projections  of  varying  form.  Similarly  the 
branchial  openings  with  which  the  wall  of  the  phaiynx  is  pierced 
differ  in  size,  number,  and  form ;  they  may  be  rounded,  elliptical,  or 
even  spirally  coiled. 

The  ciliated  arrangements  in  the  perforated  branchial  sac  of  the 


94 


TUNICATA. 


Ascidians  correspond  to  those  of  the  AppencUcularice,  and  consist  of 
the  so-called  endostyle  with  the  ventral  groove  and  the  two  ciliated 
arches. 

The  ciliated  oesophagus  is  short  and  funnel-shaped,  and  leads  into 
a  dilated  portion  distinguished  as  stomach,  whose  walls  have  a 
layer  of  large  entodermal  cells  and  are  complicated  by  the  presence 
of  fold-like  projections.  Glands,  which  are  sometimes  follicular 
sometimes ^  composed  of  bundles  of  tubes,  or  of  tubes  united  in  a 
network,  lie  upon  and  open  into  the  stomach  ;  they  are  generally 
known  as  *  liver,  but  would  be  better  called  hepatopancreaa.  The 
small  intestine  which  follows  the  stomach  is  of  considerable  length, 
is  usually  bent  on  itself  (haemal  curvature),  and  is  continued  into  a 
short  rectum  (piriform  in  Appendicularia),  which  opens  into  the 
cloacal  chamber.  Besides  the  glands  already  mentioned,  a  gland-like 
organ  has  been  found  in  many  Ascidians  :  as  there  is  no  opening  to 
this  gland,  the  concretions  found  in  its  lumen  are  probably  not  in 
general  removed.  It  may,  perhaps,  be  regarded  as  a  kidney,  since 
Kupffer  t  has  shown  that  uric  acid  is  present  in  the  concretions. 

The  heart  is  placed  on  the  ventral  side  of  the  intestinal  canal. 
It  is  a  contractile  tube,  each  end  of  which  is  prolonged  into  a  vessel. 
In  the  AppencUcularice  [Cojyelata)  the  heart  is  placed  transversely, 
and  is  pierced  by  only  two  slits.  The  so-called  vascular  system  of 
the  Ascidia,ns  consists  of  a  rich  net-like  system  of  lacunse,  which 
cannot,  however,  be  said  to  have  special  walls. 

The  nervous  system  is  reduced  to  an  elongated  ganglion  (cerebral 
ganglion)  placed  on  the  dorsal  side  of  the  branchial  cavity.  From 
this  ganglion  nerves  are  given  off,  especially  forwards  towards  the 
entrance  of  the  pharyngeal  sac;  but  unpaired  sense  nerves  and 
lateral  and  posterior  nerves  also  arise  from  it.  In  the  Copelata  and 
Ascidian  larvae  the  cerebral  ganglion  is  more  complicated.  In  these 
animals  it  has  the  form  of  a  cord,  primitively  containing  a  ca\aty, 
and  divided  later  by  constrictions  into  three  regions,  and  is  connected 
with  ganglia  in  the  tail  (fig.  563).  The  anterior  conical  part  of  the 
brain  gives  off  paired  sensory  nerves  to  the  region  of  entrance  into  the 
branchial  sac ;  on  the  median  globular  part  are  placed  the  auditory 
vesicle  and  a  stalked  ciliated  organ ;  while  the  attenuated  posterior 
part  gives  off  two  lateral  nerves  to  the  atrial  canals,  and  is  prolonged 

*  Th.  Chandelon,  "  Rcoherches  sur  une  annexe  du  tube  digestive  des  Tuniciers." 
Bull,  de  Vacad.  roy.  de  Behjique,  Tom.  XXXIX.,  1875. 

f  Cf.  Besides  Kowalevski  I.e.  Kupffer,  "  Zur  Entwickelimg  der  einfachen 
Ascidien."   Arcli.fiir  mikr.  Anat.,  Tom.  VIII.  1872. 

Lacaze-Duthiers,  Arch,  de  Zool.  experiin.,  1874. 
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into  a  long  nerve,  which  at  the  base  of  the  tail  dilates  to  a  ganglion, 
and  in  its  further  course  forms  a  number  of  smaller  ganglia  (fig. 
563).  The  reduction  of  the  central  nervous  system  to  the  simple 
ganglion  of  the  Ascidian  begins  after  loss  of  the  tail,  and  after 
development  of  the  branchial  basket. 

Of  sense  organs  the  processes  of  the  integument  which  serve  for 
tactile  purposes  (the  lobes  of  the  oral  and  atrial  apertures  and  the 
tentacles),  and  peripheral  nerves,  ending  in  epithelial  cells,  are  most 
widely  distributed.  The  large  ciliated  cells  on  the  edge  of  the 
mouth  of  the  Copelata  must  be  placed  in  the  same  category.  The 
ciliated  pit  is  to  be  regarded  as  an  olfactory  organ.  It  consists  of  a 
depression  in  the  wall 
of  the  pharynx  lined 
with  ciliated  cells,  and 
is  situated  in  front  of 
the  ganglion.  Accord- 
ing to  Julin,  it  is,  to- 
gether with  a  gland 
situated  beneath  the 
ganglion,  to  be  regarded 
as  the  equivalent  of 
the  hypophysis.  In  the 
Copelata  the  ciliated  pit 
is  elongated  and  lies  on 


right 


side  of  the 


Fig.  563. — Nervous  system  of  Appendicv.laria  (Frilillaria) 
f areata  (after  Fol.).  G,  Ganglion ;  N,  body  nerve  ;  N', 
lateral  nerve ;  Ot,  otolith  vesicle ;  Jig,  olfactory  pit ;  Tz, 
tactile  cells  with  their  nerve  ;  ]n,  arch  of  ciLia. 


the 

ganglion. 

•There  is  an  auditory 
vesicle  on  the  left  side 
of  the  ganglion  in  the 
Copelata.  This  structure,  which  is  developed  from  a  cell  of  the  wall 
of  the  ganglion,  is  found  in  the  Ascidian  larvse,  but  degenerates  soon 
after  the  attachment  of  the  larva.  Paired  auditory  vesicles  appear 
in  Pyrosoma  where  they  are  connected  with  the  ganglion  by  a  short 
stalk. 

Masses  of  pigment  which  are  present  with  great  regularity  on  the 
hps  of  the  large  openings  of  the  body  in  the  simple  and  compound 
Ascidians  may  be  interpreted  as  eye  spots.  The  eye  of  the  Ascidian 
larvae,  which  lies  on  the  ganglion  and  originates  from  a  part  of  the 
neural  canal,  has  a  more  complicated  structure.  Later  it  degenerates, 
but  in  Pyrosoma  it  is  retained  in  the  adult  condition  and  possesses  a 
lens-like  structura. 
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The  generative  organs  are  always  united  in  the  same  animal. 
The  formation  of  villi  on  the  surface  of  the  egg-membrane  by  tho 
follicular  cells  surrounding  the  ovum  is  remarkable.    The  origin  of 


Fig.  564. — Development  of  Phallusia  mammillaia  (after  Kowalevski).  a,  Blastosphere  beginning 
to  invaginate  ;  Fh,  segmentation  cavity.  6,  Gastrula  with  blastopore  (0) ;  Ed,  endoderm  ; 
Ch,  oommencing  uotocliord  (iiroohord).  c,  Later  stage.  £k,  Ectoderm  ;  N,  rudiment  of  the 
stUl  open  neural  canal,  d,  Stage  with  body  and  tail;  £d',  endodermal  layer  in  the  tail; 
M,  muscular  cells  in  tail,  e,  Just  hatched  larva  ;  Rg,  anterior  swelling  of  the  spinal  division 
of  the  neural  tube  ;  Rm,  posterior  part  of  neural  tube  ;  Gb,  dilated  anterior  part  of  neural 
tube  (cerebral  vesicle),  vs  ith  otolith  projecting  into  it ;  F,  opening  of  Gb  ;  A,  eye ;  0,  in- 
vagination of  mouth  ;  Ph,  pharyngeal  cavity  ;  Ed,  endostyle  ;  D,  commencing  intestine  ; 
Kl,  atrial  opening ;  Bl,  blood  corpuscles ;  Hp.  papilla  for  attachment.  /,  Two  days'  larva 
(only  the  beginning  of  the  tail  is  represented);  ^Ks,  ^s,  branchial  stigmata:  £b,  branchial 
vessel  between  them  ;  JB,  intestine. 

the  so-called  test-cells  (follicle-cells  which  have  migrated  inwards) 
over  the  substance  of  the  yolk  on  the  inside  of  the  egg-membrane,  is 
also  worthy  of  note. 
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Development. — The  segmentation  is  complete,  and  leads,  according 
to  Kowalevski,  to  the  formation  of  a  blastosphere  as  in  Amphi- 
oxus  (tig.  564).  The  wall  of  the  blastosphere  then  begins  to 
invaginate.  After  the  completion  of  the  invagination  the  blastosphere 
becomes  a  gastrula,  mth  the  remains  of  the  seg'mentation  cavity 
between  the  ectoderm  and  entoderm  (fig.  564,  Fh).  The  mouth  of  the 
gastrula  is  at  first  wide,  but  soon  becomes  narrower  and  narrower, 
until  finally  it  becomes  transformed  into  a  small  opening  placed  on 
the  dorsal  surface  at  the  hind  end  of  the  body.  A  flat  median  groove 
on  the  ectoderm  appears  along  the  dorsal  side  of  the  already  bilaterally 
symmetrical  embi-yo  extending  from  the  blastopore  forwards.  This 
groove,  into  the  hind  end  of  which  the  blastopore  opens,  is  the  first 
rudiment  of  the  central  nervous  system.  It  is  known  as  the  medullary 
groove.  Its  edges  project  and  form  the  medullary  folds  which  grow 
round  and  close  the  narrow  blastopore,  and  gradually  fuse  with  one 
another  from  this  point  forwards  in  such  a  manner  as  to  convert  the 
groove  into  a  canal,  the  walls  of  which  separate  from  the  external 
ectoderm  and  give  rise  to  the  central  nervous  system.  This  canal  is 
known  as  the  medullary  canal :  behind  it  is  shut  off  from  the  exterior, 
but  communicates  with  the  cavity  of  the  gastrula  (archenteron)  by 
way  of  the  blastopore  (fig.  564  c),  which  is  now  known  as  the 
neurenteric  canal ;  while  in  front  it  remains  open  for  some  time. 
Before  these  processes  are  completed  two  rows  of  the  endoderm  cells 
of  that  part  of  the  gastric  wall  which  immediately  underlies  the 
neural  tube  become  different  from  the  remaining  endoderm  cells  and 
give  rise  to  the  first  rudiment  of  the  notochord.  The  anterior  part 
of  the  archenteron  only  gives  rise  to  the  pharynx  and  intestine 
(fig.  564,  e),  while  the  posterior  part  furnishes  the  cell  material  not 
only  for  the  notochord,  but  also  for  the  muscular  system  and  the 
blood  corpuscles.  It  may  accordingly  be  asserted  that  the  meso- 
dermal organs  in  the  Ascidians  arise  fi^om  the  entoderm,  which  is  as 
good  as  saying  that  the  hinder  half  of  the  gastral  sac  has  the  value  of 
mesoderm. 

In  the  further  course  of  development  the  somewhat  elongated 
spheroidal  body  grows  out  at  the  posterior  and  inferior  end,  opposite 
to  the  blastopore  and  rather  to  the  right,*  into  a  tail-like  prolonga- 
tion, the  axis  of  which  is  formed  by  the  cells  of  the  notochord  (at  thi« 
period  arranged  in  a  simple  row).    The  neural  canal  is  prolonged  into 

tako^^t.^T??'^''V^''°''^^"  Kowalevski.  on  the  contrary,  this  growtli 
ttro/X/^--.'  '"^"■'■'^  therefore"' agreS  with 
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the  tail  dorsal  to  the  iiotochord.  The  tail,  thus  developed,  becomes 
bent  and  applies  itself  to  the  side  of  the  body  opposite  to  that  ou 
which  the  nervous  system  is  placed  (Fig.  564e).  Subsequently  the 
skin  begins  to  thicken  at  the  anterior  end  and  gives  rise  to  three 
papillte,  the  future  papillsa  for  attachment.  The  rudiment  of  the 
nervous  system,  on  which  two  pigment  spots  provided  with  r-efractive 
organs  make  their  appearance  (eye  and  auditory  organ,  tig.  564e,/), 
is  converted  at  its  anteiior  extremity  into  a  vesicle  and  is  continued 
above  the  chorda  into  the  tail  .(as  a  cord  with  a  central  canal)  {A. 
canina). 

The  branchial  sac,  still  closed  and  formed  of  columnar  epithelium, 
lies  close  to  the  nervous  system  :  it  is  separated  from  the  ventral 
wall  of  the  body  by  roundish  uncoloured  cells,  which  are  probably 
the  formative  elements  of  the  blood  and  of  the  wall  of  the  heart.  It 
has  at  this  period  the  position  and  relative  size  of  the  future  pharynx 
and  its  posterior  dorsal  extremity  grows  out  to  form  the,  at  first  csecal, 
rudiment  of  the  digestive  canal  (fig.  564  e,  B).  The  mouth  is  formed 
from  an  invagination  of  ectoderm  on  the  dorsal  surface  immediately 
in  front  of  the  anterior  end  of  the  cerebral  vesicle  (fig.  564  e,  0). 
The  cloaca  first  appears  as  a  pair  of  doi'sally-placed  epiblastic  involu- 
tions (fig.  564  e,  Kl) :  these  ingrowths  meet  and  fuse  with  the  wall  of 
the  branchial  sac  so  that  two  perforations  are  formed.  The  embryo 
surrounded  by  the  mantle  (formed  of  gelatinous  substance  with 
amoeboid  test-cells  which  have  wandered  into  it)  now  breaks  through 
the  villous  egg-membrane  and  passes  into  the  stage  of  the  free- 
swimming  larva,  which  j)resents  on  the  right  side  of  the  endostyle 
the  first  rudiments  of  the  heart,  and  possesses  all  the  organs  of  the 
later  Ascidian  except  the  vessels  and  the  generative  glands  :  in  its 
subsequent  development,  however,  it  has  to  go  through  a  decidedly 
retrogressive  metamorphosis.  After  the  larva  has  attached  itself  by 
means  of  its  papillas,  the  tail  aborts,  the  muscles  and  notochordal 
sheath  degenerate,  and  the  axial  string  of  the  notochord  contracts. 
The  jiervous  system  with  the  pigment  organs  degenerates,  and  the 
cavity  in  it  disappears;  the  branchial  sac,  on  the  contrary,  increases  in 
size,  and  the  oesophagus,  stomach,  and  intestine  proper  become  more 
sharply  distinct.  The  mantle  then  becomes  firm,  the  mouth  opening 
perforates  the  gelatinous  covering  and  becomes  the  entiunce  to  the 
branchial  sac ;  behind  the  mouth  the  arch  of  cilia  appears  at  the 
anterior  end  of  the  ventral  furrow,  which  was  formed  at  an  earUer 
stage  and  gives  rise  to  the  endostyle.  The  opening  to  the  oesophagus 
becomes  funnel-shaped  and  more  distinct.    The  fii'st  branchial  slits 


TETHYODEA. 


99 


soon  become  visible.  The  blood  with  its  amoeboid  corpuscles  is 
ah'eady  moving  in  the  body  cavity  beneath  the  skin,  and  indeed  on 
the  branchial  sac,  through  definite  channels  in  the  connective  tissue, 
which  connects  the  walls  of  the  branchial  sac  with  the  skin.  The 
water  which  flows  -through  the  slits  of  the  branchial  sac  is  collected 
in  the  peribranchial  space  the  opening  of  which  coincides  with  the 
cloacal  opening. 

Asexual  Reproduction. — In  addition  to  the  sexual  reproduction, 
multiplication  by  means  of  budding  plays  an  important  part,  particu- 
larly in  the  Synascidians.    According  to  Krohn,  Metschnikoff,  and 
Kowalevski,  an  entodermal  layer  (arising  in  Botryllus  from  the  cover- 
ing of  the  atrium)  and  mesodermal  cells  as  well  as  the  ectoderm  take 
part  in  the  formation  of  the  buds.    Many  Ascidians,  as  Perojjhora 
and  Clavellina,  produce  stolons  by  budding,  and  from  these  new 
individuals  are  developed,  but  the  latter  are  not  united  together 
into  a  compact  system.    Complex  systems  of  buds  are  developed  in 
the  Synascidians,  the  individuals  of  which  are  embedded  in  a  common 
cellulose  mantle.    In  some  cases  the  larva  may  form  buds  while  it  is 
still  in  the  tailed  stage  (Bidemnum).    In  Botryllus,  a  genus  which 
is  distinguished  by  the  star-like  grouping  of  the  individuals  round  a 
common  cloaca  (fig.  561),  and  by  the  rich  branching  of  the  blood 
canals,  the  larva  is  simple,  and  does  not,  as  Sars  believed,  form  a 
colony.    Metschnikofi"  and  Krohn,  whose  accounts  agree,  have  both 
shown  that  the  eight  knob-like  buds  of  the  larva  are  only  processes 
of  the  ectoderm  and  contain  diverticula  of  blood  spaces.    The  young 
Botryllus  produces  only  one  bud  (first  generation),  and  befor  e  the 
latter  is  mature  perishes  without  attaining  sexual  maturity.  The 
bud  of  the  first  generation  produces  two  buds  (second  generation), 
and  dies  without  reaching  sexual  maturity.    The  buds  of  the  second 
generation  each  produce  two  buds,  which  arrange  themselves  in  a 
circle,  and  after  the  death  of  their  producers  form  the  first  system 
with  a  common  cloaca.    In  a  similar  manner  new  buds  are  formed, 
and  the  older  generation  dies;  the  new  systems  are,  however,  as 
transitory  and  are  replaced  by  others,  so  that  as  the  stock  increases 
the  old  generations  are  continually  being  replaced  by  new.    In  this 
continuous  process  of  renewal  the  first-formed  generations  have  only 
the  provisional  value  of  establishing  the  colony.  The  later  generations 
alone  become  sexually  mature,  and  the  female  maturity  is  attained 
before  the  male.    The  ova  of  the  still  young  hermaphrodite  gene- 
rations are  fertilized  by  the  sperm  of  the  older ;  and  it  is  not  until 
after  the  death  of  the  latter  that  the  testes  of  the  former  become 
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hilly  developed.  The  young  generations,  therefore,  now  have  the 
double  task  of  caring  for  their  own  already  fertilized  eggs  and  of 
fertilizing  those  of  the  succeeding  generations. 

Order  1.— "Copelat^e"'  (Ascidians  with  larval  tail). 

Small  free-swimming  Ascidians  of  long  oval  form,  with  swimming 
tail ;  they  resemble  in  the  whole  of  their  organization  the  larvae  of 
other  Ascidians  (fig.  562).  The  anus  opens  directly  to  the  exterior 
on  the  ventral  side.  The  pharyngeal  sac  is  pierced  by  only  two 
branchial  slits.  The  heart  has  two  slits  and  no  vessels.  The 
ovaries  and  testes  lie  in  the  hind  part  of  the  body,  close  to  one 
another,  and  are  without  ducts.  The  elongated  cerebral  ganglion  is 
divided  by  constrictions  into  three  parts;  it  is  connected  with  a 
ciHated  pit  and  an  otolithic  vesicle,  and  is  prolonged  into  a  nei"ve- 
cord  of  considerable  size.  The  latter  is  continued  into  the  tail,  at 
the  base  of  which  it  swells  out  to  a  ganglion ;  in  its  further  course 
it  forms  several  small  ganglia,  whence  lateral  nerves  pass  out.  In 
consequence  of  a  torsion  of  the  axis  of  the  tail,  the  originally 
dorsally-placed  caudal  nerve  comes  to  have  a  lateral  position.  The 
segmentation  of  the  nerve-cord  in  the  tail  (as  shown  by  the  gang- 
lionic swellings)  corresponds  to  the  segmental  divisions  of  the  muscles, 
which  recall  the  myotomes  of  Amphioxus.  The  large  chorda  (uro- 
chord),  which  extends  along  the  whole  length  of  the  tail,  constitutes 
another  point  of  resemblance  to  Amphioxus, 

Some  species  have  a  peUucid  gelatinous  covering,  comparable  to 
a  shell.  The  development  of  these  small  animals,  which  wei-e 
formerly  erroneously  held  to  be  larvae,  has  been  insufficiently 
investigated. 

Fam.  Appendicularidse.  Oiltopleura  Mertens  (^Apjiendienlaria  Cham.),  Oi- 
copkocerra  Gegbr.,  O'l.furcata  G-egbr.,  Fritillaria  Fol.  The  integument  forms 
a  hood-like  reduplicature  in  front ;  the  tail  one  and  a-half  times  as  long  as  the 
elongated  bo:ly  ;  the  endostyle  is  curved.  Ft:  fureata  C.  Vogt.,  Fr.  formica 
Fol,  KvwalevsMa  Fol.  Without  heart  and  endostyle.  Rectum  absent.  K. 
tenuis  Fol,  Messina. 

Order  2. — AsciDiiE  siMPLiCES.t 
This  order  comprises  solitary  forms  as  well  as  branched  stock;^. 

*  Cf.  C.  Gegenbaur,  "  Bemerkungen  liber  die  Organisation  der  Appendicu- 
larien.'"   Zeitsch.  f  iir  wiss.  Zool.,  Tom.  VI.,  185o. 

H.  Fol,  "  Etudes  sur  les  Appendiculaires  du  detroit  de  Messine."  M^m.  Soc. 
dc  PIn/.t.  et  (I'Hist.  Nat.  de  Oemve,  Tom.  XXT..  1H72. 

t  Cf.  besides  Lacaze-Duthiers  I.e.,  0.  Heller,  "  Untersiichungen  iiber  di  ■ 
Tunicaten  des  Adriatischen  Meeres,  I.,  II.,  III.,"  DcnIiM-hr.  der  h.  Ahatl. 
^ler  Wim-n-sch.  ll  tew,  1874-1877. 
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The  latter,  or  social  Ascidians,  are  placed  on  branched  root-processes, 
and  have  for  a  time,  or  permanently,  a  common  circulation.  The 
mantle-parenchyma  is  usually  of  transparent  hyaline  consistency. 
The  body  of  the  solitary  Ascidians  is  far  larger  and  is  surrounded 
by  a  hai-d  cartilaginous,  very  thick  and  usually  completely  opaque 
mantle,  the  surface  of  which  often  has  wart-like  protuberances  and 
incrustations  of  various  kinds  (fig.  560). 

Fam.  Clavellinidse.  Social  Ascidians,  the  stalked  individuals  of  which  arise 
from  a  common  branched  stolon,  or  on  a  common  stem.  The  body  is  sometimes 
{aavellina)  divided  into  three  regions, like  that  of  the  Poh/di^iidce.  Clavellina 
Sav. :  CI.  lepudiforvm  Sav.,  North  Sea  ;  Peroj^liora  Listcri  Wiegm.,  North  Sea. 

Fam.  Ascidiadffi.  Solitary  Ascidians,  usually  of  considerable  size.  The 
individuals  reproduce  themselves,  as  it  seems,  only  occasionally  by  budding, 
and  are  connected,  when  they  are  aggregated  together,  neither  by  a  common 
mantle  covering  nor  by  bloodvessels.  Ascidia  L.  {Phallusia  Sav.)  ;  J.  mam- 
millata  Cuv.,  Mediterranean;  A.  {Oiona)  intcstmaliH  L.,  etc.;  Cynthia  Sav., 
C.  jMjnllosa  Sav.,  C.  micyocomnus  Cuv.,  Clievreulius  Lac-Duth.,  Mediter- 
ranean. 

The  deep-sea  Ascidians  are  very  remarkable  aberrant  forms.  Hypohythivs 
calcycodes  Mos.,  and  Octacnemvs  Injtldns  Mos. 

Order  3. — AsciDiiE  composite.* 

Numerous  individuals  lie  in  a  common  mantle  layer,  and  form 
soft,  brightly-coloured  colonies,  which  have  a  spongy  or  lobed  form, 
and  not  unfrequently  form  crusts  round  foreign  objects. 

In  almost  all  cases  the  individuals  are  grouped  in  a  definite  number 
round  a  common  cloaca  {Botryllidce),  so  that  round  or  star-shaped 
systems  with  central  openings  are  formed  in  the  colony  (fig.  561). 
The  body  is  sometimes  simple  and  short,  sometimes  long  and  divided 
into  two  or  three  regions,  and  sends  out  branched  processes  contain- 
ing blood  into  the  common  mantle  mass,  so  that  the  latter  is  per- 
meated by  vascular  canals. 

Fam.  Botryllidae.  The  viscera  of  the  simple  body,  which  is  not  divided  into 
thorax  and  abdomen,  lie  by  the  side  of  the  respiratory  cavity ;  without  lobes 
round  the  inhalent  opening.    Botryllvs  stdlatus.  Pall.  ;  B.  violacem  Edw. 

Fam.  Didemnidse.  The  viscera  are  for  the  most  part  placed  behind  the  re- 
spiratory cavity,  and  the  body  is  divided  into  two  parts,  the  thorax  and  abdo- 
men.   Didt'mmim  Sav,  ;  D.  candidwm  Sav.  ;  D.  stylifcrum  Kow. 

Fam.  Polyclinidae.    The  body  of  the  individual  is  much  elongated,  and  is 

*  Besides  Savigny,  cf.  M.  Edwards,  "  Observations  sur  les  Ascidies  compo- 
s^es  des  cotes  de  la  Manche."   Mem.  Acad.  .te..  Tom.  XVIII..  Paris,  1842. 

A.  Giard,  "  Recherches  sur  les  Synascidies."  Arcli.  de  Zool.  e^rjjer.,  Tom.  I., 
Paris,  1872. 

Kowalevski,  "  Ueber  die  Knospung  der  Ascidien."  Arch,  fur  mihr.  Anat.. 
Taf.  X.,  1874. 
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.w/'^fi"*u  I'-'^^l'-^W^men.    The  heart  lie«  at  the  hind 

cnci  ot  the  body.    Amarceaitm,  Edw.  ;  .1  pmliferum  Edw. 


Order  4. — AsciDiiE  salp.eformes."*- 

Free-swimming  colonies,  which  float  on  the  surface  of  the  seii,  and 
have  in  general  the  form  of  a  fir  cone,  hollowed  out  like  a  thimble. 
They  are  composed  of  numerous  individuals  arranged  in  the  common 
gelatino-cartilaginous  mass  in  a  direction  at  right  angles  to  the  long 
axis  of  the  colony.  The  inhalent  openings  lie  in  irregular  cii-cles  on 
the  external  surface ;  the  exhalent  openings  open  opposite  to  them 
into  the  space  which  serves  as  a  common  cloaca.  The  branchial  sac 
is  wide  and  latticed  as  in  the  Ascidians.  The  intestine  and  ovary  ai-e 
compressed  together,  and  lie  in  a  rounded  prominence  like  a  nucleus 


Fi&.  565.— An  individual  of  Pijrosoma,  (after  Keferstpii.l    ,o  ,  ... 

5*^=  f  ■    =^ t:t;i^r;  r:::h 

(fig.  565  a)  ■  near  them  is  the  heart.  The  ovary  brings  only  one 
ovum  to  maturity,  which  is  surrounded  by  a  saccular  follicle  with  a 
long  stalk.  The  stalk  constitutes  the  oviduct,  and  opens  into  the 
cloacal  cavity.  The  eye  lies  on  the  ganglion.  By  the  presence  of 
the  eye,  as  well  as  by  the  position  of  the  two  respiratory  openings 
and  of  the  viscera,  by  the  method  of  reproduction  and  the  free 
locomotion,  the  Pyrommidce  are  allied  to  the  Salps. 

Budding  takes  place  by  means  of  a  stolon,  which  begins  at  the 
hind  end  of  the  endostyle,  and  contains  an  endodermal  proce.ss  of 

loL^^'  ^"^^y-  "  Anatomy  and  development  of  Pyrosoma."  Trang.  Lhin.  So,: 
1860.  ' 

W.  Keferstein  und  Ehlers,  "  Zoolo^ische  Beiti-age."   Leipzig.  1861. 
Kowalevski,  "  Ueber  die  Entwickehmgsge!=chichte  der  Pyrosomen."  Arrh  fur 
miftv.  Anatomii'..  Tom.  XI.,  1875. 
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the  latter  (endostylic  cone).  Sexual  reproduction  and  gemmation 
take  place  in  the  same  individual. 

The  egg  develops  within  an  ovarian  sac  into  an  embryo,  which  has 
the  form  of  a  stunted  Ascidian-like  individual  {cyathozooid),  and 
produces,  by  budding  from  a  stolon,  a  group  of  four  individuals 
{ascidiozooids).  The  peculiar  mode  of  origin  of  these  individuals 
has  been  minutely  described  by  Huxley  and  Kowalevski  (fig.  565  h). 
The  process  of  budding,  by  which  the  colony  is  increased,  is  no  less 
complicated:  it  takes  place  on  a  germ-stock  {stolo  prolifer,  fig. 
565  a,  St)  placed  behind  the  endostyle.  Each  commencing  bud 
receives  a  prolongation  of  the  foundation  of  the  ovary,*  as  well  as 
of  the  endoderm. 

The  Pyrosomidce  derive  their  name  from  the  bright  light  which 
they  emit.  According  to  Panceri,  this  light  proceeds  from  a  paired 
group  of  cells  in  the  region  of  the  mouth. 

Fam.  Pyrosomidse.  These  animals  were  discovered  by  Peron  in  the  Atlantic 
Ocean,  and  were  at  first  regarded  as  solitary  individuals.  Pyrosoma  P6r. ; 
F.  atlanticnm  Per.  ;  P.  elegans  and  f/if/antevtn  Les.,  from  the  Mediterranean. 


Class  II.— THALIACEA.t 

Free-sioimming  transparent  Tunicata  loith  cylindrical  or  cash- 
sha^^ed  body.  The  mantle  apertures  are  terminal,  and  at  opposite 
ends  of  the  body.  The  branchial  are  hand-sha2Jed  or  lamellar,  and  the 
viscera  are  comp>ressed  together  into  a  nucleus. 

The  Thaliacea  (fig.  566  a,  b)  are  transparent,  cylindrical  or  cask- 
shaped  animals,  of  gelatino-cartilaginous  consistency :  they  are  either 
soHtary,  or  the  individuals  are  u.nited  in  chains  (visually  in  double 
rows).  They  move  on  the  surface  of  the  sea  by  the  rhythmically 
alternating  contraction  and  dilatation  of  the  branchial  cavity.  The 
two  openings  are  placed  at  opposite  ends  of  the  body ;  the  mouth  at 
the  anterior  end,  the  atrial  at  the  posterior  end,  near  the  dorsal 

*  [Generative  blastema,  or  indifferent  tissue  from  which  the  reproductive 
organs  of  the  parent  were  developed  (Huxley).] 

t  Compare  Th.  ?Iuxley,  "  Observations  upon  the  anatomy  and  physiology  of 
Salpa  and  Pyrosoma,  together  with  remarks  upon  Doliolum  and  Appendicu- 
laria."    Phil.  Trans.,  Lonrlon,  1851. 

E.  Leuckart,  "  Zoologische  Untersuchungeu."    Heft  IT.,  Giessen,  1854. 

C.  Gegenbaur.  "Ueber  den  Entwickelungscyklus  von  Doliolum  nebst 
Bemerkungen  iiber  die  Larven  dieser  Thiere."  ZciUcJir .  fur  iviss  Zool., 
Tom.  Vn. 

C.  Grobben.  "  Doliolum  und  sein  Gcnerationswechsel,  etc. "  Arheiten  am 
dom  Zool.  Imtitvtc  in  Wien,  Tom.  IV.,  1882. 
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surface  The  mouth  has  usually  the  form  of  a  broad  transverse  slit, 
bounded  by  movable  lips,  and  leads  into  the  large  respiratory 
cavity,  which  consists  of  the  pharyngeal  cavity  an.i  the  cloaca,  and 
contiuns  the  lamellar  or  band-shaped  gill,  extended  from  the  dorsal 
surface  obliquely  backwards  and  ventralwards.  In  Doliolumi  the 
gill  has  the  form  of  an  oblique  partition,  which  is  pierced  by  two 
lateral  rows  of  large  transverse  slits,  through  which  the  water  flows 


Fls  566.-0,.  Salpa  mucronata.  h,  S.  deniocratica.  0,  Mouth  ;  A,  cloacal  aperture  ;  N,  gangUon ; 

giU     End,  endostyle;    IVff.  ciliated  pit;   Ma,  mantle;    Nu,  nucleus;  heart- 
£7nb,  embryo  ;  Stp,  stolo  prolifer. 

from  the  pharyngeal  cavity  into  the  cloacal  chamber.  In  Scdpa  the 
transverse  slits  are  represented  by  one  very  large  gill-sHt  on  each 
side,  so  that  the  branchial  wall  is  reduced  to  a  median  band  (the 
median  part  of  the  gill  of  BoUolum).  The  two  arches  of  cilia  which 
bound  the  entrance  to  the  respiratory  cavity,  and  the  ventral  endo- 
style (mucous  gland)  from  which  a  ciliated  groove  leads  to  the 
oesophagus,  are  placed  in  the  wall  of  the  pharyngeal  ca\dty. 
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The  digestive  canal,  together  with  the  other  viscera,  the  heart 
and  the  generative  organs,  are  closely  packed  together  in  a  brightly- 
coloured  mass,  the  nucleus,  at  the  ventral  side  of  the  hind  end  of 
the  body.  The  mantle  is  often  thickened  round  the  nucleus  so  as 
to  form  a  globular  swelling. 

The  nervous  system,  the  sense  organs,  and  the  organs  of  loco- 
motion, in  correspondence  with  the  power  of  free  locomotion,  present 
a  higher  grade  of  development  than  in  the  Ascidians.  The  ganglion, 
with  its  numerous  nerves,  lies  above  the  point  of  attachment  of  the 
branchial  band,  and  attains  a  considerable  size.  On  the  ganglion 
there  is  usually  [Salpa)  a  piriform  or  spherical  process,  with  a  horse- 
shoe-shaped brownish-red  pigment  spot  and  numerous  rod-shaped 
structures,  which  prove  beyond  all  doubt  that  this  structure  is  an 
eye.  In  other  cases  [Doliolum)  there  is  on  the  left  side  of  the  body 
an  auditory  vesicle  connected  with  the  ganglion  by  a  long  nerve. 
The  median  ciliated  pit,  too,  is  placed  in  the  respiratory  cavity  in 
front  of  the  ganglion.  Peculiar  sense  organs,  probably  tactile  in 
function,  have  been  observed  in  Boliolimn  in  the  lobes  of  the  two 
mantle  a,pertures  and  also  on  other  parts  of  the  external  skin.  These 
have  the  form  of  groups  of  rovindish  cells  into  which  nerves  enter. 

Locomotion  is  effected  by  means  of  broad  bands  of  muscles,  which 
span  the  respiratory  cavity  like  hoops,  and  by  their  contraction 
narrow  it.  Part  of  the  water  is  thus  driven  out  of  the  cloacal 
aperture,  and  the  body  is  propelled  in  the  opposite  direction. 

The  reproduction  of  the  Salps  is  alternately  sexual  and  asexual. 
The  solitary  Salps  are  produced  sexually,  the  chains  of  Salps  asexually. 
The  individuals  of  the  chains  of  Salps  are  sexual  animals,  which 
form  no  stolon ;  the  solitary  Salps  only  reproduce  themselves  asexually 
by  budding  on  a  ventrally-placed  stolon.  Since  these  two  forms, 
which  differ  both  in  size  and  shape,  as  well  as  in  the  course  of  their 
muscular  bands,  and  in  certain  features  of  the  gills  and  viscera, 
alternate  regularly  in  the  developmental  cycle  of  the  species,  the 
development  represents  an  alternation  of  generations,  which  may 
even  be  still  further  complicated  {Doliolum).  This  alternation  of 
solitary  Salps  and  chains  of  Salps  was  discovered  long  before 
Steenstrup  by  the  poet  Chamisso. 

The  Salps  which  form  the  chain  are  hermaphrodite,  but  the  two 
kinds  of  sexual  organs  are  neither  developed  nor  ready  to  discharge 
their  functions  at  the  same  time.  Soon  after  birth  the  female 
organs  attain  maturity,  while  the  testicular  c£eca  are  not  developed 
till  later,  and  produce  the  sperm  still  later.    In  Sa^m  the  female 
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parts  are  almost  always  reduced  to  a  capsule  enclosing  a  single  e<.j. 
and  surrounded  by  blood.  This  cipsule  opens  into  the  respiratory 
cavity  on  the  right  side,  some  distance  from  the  nucleus,  by  a  narrow 
stalk-hke  duct  (fig.  5G7  b).    After  fertilisation  the  stalk  becomes 


Fig.  567.— a,  Postei-ior  end  of  Snlpa  democratica,  seeu  from  the 
ventral  side.  Stp,  Stolo  prolifer  ;  Nu,  nucleus,  h,  Terminal 
portion  of  stolon  =  yoking  chain,  strongly  niaguified  ;  0,  mouth  ; 
A,  cloacal  aperture  ;  N,  nervous  centre (gaugliou)  ;  Wg,  ciliated 
pit ;  Wb,  arch  of  cilia  ;  JEnd,  eudostyle  ;  Af,  anus  ;  Br,  gill ; 
Nu,  nucleus;  Or,  ovary;  C,  heart,  c,  Embrj'o  of  Solpa 
democratica  (after  C.  Grobben).  El,  EliBoblast ;  PI,  placenta ; 
P/i,  pharyngeal  cavity  ;  XI,  cloacal  cavity. 


shorter,  so  that  the 
egg,  which  is  in- 
creasing in  size,  ap- 
proaches closer  and 
closer  to  the  lining 
of  the  respiratory 
ea-sdty,  and  forms 
with  its  capsule  a 
projecting  cone  in 
which,  as  in  a  brood 
pouch,  the  embryonic 
development  takes 
place.* 

In  the  course  of 
development  a  pla- 
centa is  formed  be- 
tween   the  embryo 


*  Besides  1?.  Leuckavtl.c.  compare  Kowalevski.  "  Beitras  znr  Entwiokelungs- 
geschichte  der  Tunicaten."  "  Entwickelungssjeschichte  der'^Salpen."  XarJir.  von 
der  lioHvjl.  GeM'lhch .  der  rF(>.«i/i,sf?//.,  Nr."^19,  Gottingen,  18fi8. 

W.  Salensky,  "  Ueber  die  embryonale  Entwickelungsgeschichte  der  Salpen," 
Zeitsckr.fur  iviss,  Zool.,  Tom  XXVII..  1876. 

jg^"  ^''^^^^^^y'  "  Ueber  die  Knospung  der  Salpen."    Morpli.  JaJirb.,  Tom.  HI., 
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find  the  mother,  and  this  structure  plays  an  important  part 
in  the  nourishment  and  growth  of  the  embryo.  In  the  further 
development  of  the  organs,  which  agrees  in  its  general  features  with 
that  of  the  Ascidians,  the  placenta  becomes  more  sharply  marked  off 
from  the  body  of  the  embryo,  at  the  posterior  end  of  which  a 
structure  known  as  the  elceohlast — the  equivalent  of  the  notochord 
— makes  its  appearance  (fig.  567  c). 

It  is  only  after  a  relatively  long  period  that  the  embryo  is  born  as 
a  small  fully- developed  Saljxt,  which,  however,  still  possesses  the 
remains  of  the  placenta  and  the  elceohlast. 

This  soHtary  Salpa,  which  has  been  produced  sexually,  grows 
considerably  during  its  free  life,  but  always  remains  asexual,  while 
by  budding  on  its  stolon  it  produces  a  number  of  individuals  united 
together  in  chains.  This  stolon  or  germ-stock  is  a  process  of  the 
body  containing  the  rudiments  of  the  most  important  organs.  Its 
central  ca^aty  is  traversed  by  a  stream  of  blood,  and  on  its  walls 
the  buds  sprout  out.  In  Saljni,  as  in  the  Ascidians,  the  stolon  lies 
on  the  ventral  side,  and  later  enters  into  a  special,  open  excavation  of 
the  body  covering  (fig.  -567  a). 

On  account  of  the  extraordinary  fertility  of  the  stolon  several 
groups  of  buds  of  different  ages  are  always  present  one  behind  the 
other  j  they  separate  successively  as  independent  chains. 

In  Doliolum  the  reproductive  processes  are  much  more  complicated, 
•  for  not  only  do  the  sexually  produced  young  undergo  a  metamorphosis 
but  a  new  series  of  generations  is  introduced  into  the  life  history. 
The  eggs  are  laid,  and  the  larvEe  which  issue  from  them  are  provided 
with  tails  and  resemble  Ascidian  larvfe  (tig.  568,  e).    They  develop 
into  asexual  forms  which  differ  from  the  sexual  forms,  and  are  pro- 
vided with  a  clorscd  stolon  (fig.  568  h,  Std) ;  the  ventral  stolon  (stolon 
of  Salpa)  is  rudimentary  {Stv)  (rosette-shaped  organ).    Two  different 
kinds  of  buds  are  formed  on  this  dorsal  stolon,  viz.,  median  buds  and 
lateral  buds  (Gegenbaur).    The  lateral  buds  have  a  slipper-like  form, 
•and  are  without  the  cloacal  cavity;  they  do  not  reproduce  themselves, 
but  are  concerned  with  the  nourishment  of  the  asexual  form.  The 
latter  as  it  increases  in  size  loses  its  gills  and  alimentary  canal, 
while  its  muscular  system    becomes    powerfully  developed.  The 
median  buds  develop  into  individuals,  which  resemble  the  sexual 
:animals  except  that  they  are  without  genital  organs ;  they  therefore 
represent  a  second  genei-ation  of  asexual  forms,  which  become  free  and 
produce  the  sexual  generation  from  a  ventral  stolon. 
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Order  1.— Desmomyaiiia  (Salp^:). 
Thaliacea  of  cylindrical,  usually  doi-so-venti-ally  Huttened  form,  with 
band-shaped  muscular  hoops  and  thick  mantle  (fig.  566),  The 


Fig.  568.— The  foims  of  Doliolum  denticuhitiuu  {a,  0,  d,  e,  after  C.  Giobbeu  ;  c,  after  Gegenbaui)- 
a,  Sexual  animal.    0,  Mouth;  ^,  cloacal  aperture;  Kl,  cloaca!  space;  K,  nerve  centre; 

B. 1,  cutaTieous  sense  organ  ;  Wb,  arch  of  cilia  ;  Wy,  ciliated  pit ;  End,  euclostyle  ;  £r,  gills  ; 

C,  heart ;  D,  intestine  ;  T,  testis ;  Ov,  ovary  ;  M,  muscular  hoops.  6,  Fii-st  asexual 
generation.  Stv,  Ventral  stolon  ;  Std,  dorsal  stolon;  Ot,  auditory  organ,  c,  A  later  stage 
of  b,  with  developed  dorsal  stolon  and  aborted  intestine  and  gills,  less  highly  magnified. 
Ms,  Median  buds  ;  Ls,  lateral  butU.  d,  Nutntive  animal  produced  from  the  lateral  buds 
with  large  mouth  and  without  cloaca  ;  Oe,  a3.5opliagus.  e,  Doliolum  larva  with  larval  tail  ; 
Ch,  chorda  (urochord). 

anterior  opening  is  furnished  with  a  valve-like  lip  which  can  be  shut 
down.  The  gill  reaches  from  the  ganglion  to  the  oral  region,  and  in 
consequence  of  the  development  of  two  large  lateral  branchial  slits 
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IS  reduced  to  a  median  band.  The  viscera  are  compressed  together 
at  the  end  of  the  ventral  side  and  form  the  so-called  nucleus. 
Solitary  generations  which  reproduce  themselves  by  means  of  stolons 
reo-ularly  alternate  with  sexual  animals  which  are  budded  from  the 
stolon  and  united  in  chains.  The  maturity  of  the  female  sexual 
organs  precedes  that  of  the  male  organs.  The  single  egg  develops  into 
an^mbryo  which  is  nourished  within  the  brood-pouch  of  the  viviparous 
mother  by  means  of  a  placenta,  and  becomes  a  solitary  Sakno  (asexual 
form)  {fig.  567  c). 

Fam  SalpidEe.  Salpa  Forsk..  S.  fumaU  Forsk.,  S.  democratica  Forsk., 
S  mucronata  Forsk.  (chain  form),  Adriatic  and  Mediterranean.  S.  afncana 
Forsk.,  ,S'.  maxima  Forsk.  (chain  form),  Adriatic  and  Mediterranean.  S. 
chord iformis  Quoy.  Gaim.,  S.  zonaria  Pall,  (chain  form)- 

Order  2. — Cyclomyaria. 

Body  cask-shaped,  mouth  and  atrial  opening  surrounded  by  lobes, 
with  delicate  mantle  (fig.  568).  The  muscles  are  in  the  form  of 
closed  rings.  The  dorsal  wall  of  the  pharyngeal  cavity  is  formed  by 
a  branchial  lamella  which  is  pierced  by  numerous  slits,  is  placed 
obliquely  or  is  bent  and  stretched  far  forwards  {D.  denticulatum). 
The  digestive  canal  is  .not  compressed  into  a  nucleus.  The  ovaries 
contain  several  eggs.  The  testes  attain  maturity  simultaneously 
with  the  ovaries.  In  the  first  asexual  generation  there  is  a  large 
auditory  vesicle  on  the  left  side.  The  development  takes  place  by 
means  of  a  complicated  alternation  of  generations. 

Fam.  Doliolidae.  D.  denticulatum  Quoy,  Gaim.,  the  gill  is  bent  and  is 
pierced  by  about  forty-five  slits.  D.  MulUri  Krohn.  The  gill  is  straight,  with 
ten  to  twelve  slits  on  either  side,  MediteiTanean. 


CHAPTER  IV. 
Vertebrata.* 

Bilaterally  symmetrical  animals  with  an  internal  skeleton  {vertebral 
column),  of  which  dorsal  processes  {up2yer  vertebral  arches)  enclose  the 
nervous  centres  (brain  and  sjnnal  cord),  and  ventral  processes  (ribs) 
the  cavity  in  which  the  vegetative  organs  are  enclosed.  There  are  at 
most  two  jjairs  of  limbs. 

The  various  animals  included  in  this  group  were  first  put  together 

*  JJesides  the.  works  nf  Cuvicr,  F.  Meckel  and  J.  Miiller,  compare  K.  Owen, 
"  On  the  anatomy  of  Vertebrates."    Vol.  1.,  11.,  III.,  London,  18(56-68. 

C.Gegenbaur,"Grundziigc  der  vergleichemlen  Anatomic,"  2  Aufl.  Leipzig,  1878. 

Th.  H.  Huxley,  "  A  Manual  of  the  Anatomy  of  vertebrated  animals.'  Loudon, 
1871. 
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by  Ai-istotle,  who  called  them  "  auimalK  with  blood  "  (vol.  I.,  p.  132) ; 
he  also  put  forward  the  possession  of  a  bony  or  cartilaginous 
skeletal  axis  as  a  common  characteristic.  But  it  was  Lamark  who 
tirst  recognised  the  presence  of  a  vertebral  column  as  the  most 
important  character,  and  introduced  before  Cuvier  the  name  of 
Vertebrata  into  the  science.  This  designation,  however,  in  its  strict 
significance,  is  only  an  expression  for  a  definite  grade  of  develop, 
ment  of  the  skeleton,  which  may  persist  in  its  first  unsegmented 
condition  as  the  notochord  {Amphioxits,  Myxine).  The  most  im- 
portant characteristics  therefore  of  the  Vertebrata  do  not  depend 
upon  the  presence  of  internal  vertebrae  and  of  a  vertebral  column, 

but  upon  a  combination  of  dmracters  vjhich 
have  to  do  loith  the  general  relations  of  posi- 
tion, the  mutual  arrangement  of  the  organs 
and  the  mode  of  embryonic  development.  We 
may  accordingly  define  the  Vertebrata  as 
laterally  symmetrical  organisms  with  an 
axial  skeleton,  on  the  dorsal  side  of  which 
is  placed  the  central  nervous  system  (brain 
and  spinal  cord),  while  on  its  ventral  side 
lie  the  alimentary  canal  with  its  two  open- 
ings (oral  and  anal)  and  the  rest  of  the 
viscera  and  the  heart ;  the  latter  being  placed 
on  the  ventral  side  of  the  alimentary  canal. 

The  Skeleton.— The  presence  of  an  in- 
ternal skeleton  is  a  character  of  great  im- 
portance.   While  in  the  Invertebrates  the 
firm  supporting  structures  are  almost  always 
produced  by  the  hardening  and  segmenta- 
tion of  the  external  skin,  in  the  Vertebrates  the  relation  of  the 
hard  to  the  soft  parts  of  the  body  is  reversed.    The  hard  parts  are 
placed  in  the  axis  of  the  body,  and  send  out  processes  towards  the 
dorsal  and  ventral  surfaces,  which  constitute  respectively  a  dorsal 
canal  for  the  reception  of  the  central  nervous  system  (brain  and 
spinal  cord)  and  a  ventral  arch  over  the  vascular  trunks  and  the 
viscera.    In  the  simplest  and  lowest  Vertebrates  the  axial  skeleton 
remains  as  an  elastic  cord — the  notochord  {chorda  dorsalis),  which  in 
the  higher  Vertebrates  is  present  in  embryonic  life  and  constitutes  the 
first  rudiment  of  the  vertebral  column  (fig.  569).    When  the  internal 
skeleton  acquires  a  firmer  consistency  it,  like  the  external  skeleton 
of  the  Invertebrates,  becomes  segmented.    This  modification  is  intro- 


FiG.  569. — TrausvBrse  section 
through  the  chorda  dorsalis 
(C/i)  of  the  larva  of  Botabinator 
igneus  (after  Gotte).  C/iiS,Noto- 
chordal  sheatli ;  Sk,  skeletoge- 
nous  layer  ;  N,  spinal  cord. 
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duced  by  alterations  in  the  notochordal  sheath  as  well  as  in  the 
surrounding  skeletogenous  sheath  (fig.  570,  a). 
rise  to  cai'tilaginous  or  bony  rings,  which 
represent  the  first  rudiments  of  the  vertebral 
bodies.  These  rings  constrict  the  notochord 
till  they  assume  the  form  of  biconcave  car- 
tilaginous or  bony  discs,  and  become  connected 
with  cartilaginous  or  bony  arches  which  are 
developed  round  the  spinal  cord  and  the 
perivisceral  cavity  (fig.  570  a,  h).  Each 
vertebra  therefore  consists  of  a  principal 
median  portion,  the  body  of  the  vertebra  or 
centrum,  which  frequently  retains  the.  re- 
mains of  the  notochord  in  its  axis ;  of  a 
dorsal  or  neural  arch,  and  a  ventral  or  haemal 
arch.  The  two  limbs  of  the  dorsal  arch  are 
called  neurapophyses,  those  of  the  ventral 
arch  hsemapophyses,  and  the  unpaired  median 
prolongation  of  each  arch  is  known  as  the 
spinous  process  (fig.  570,  D,  D').  The  trans- 
verse processes  (pleurapophyses)  which  arise 
from  different  parts  of  the  vertebrte,  either 
from  the  neural  arches  or  from  the  centra, 
are  not  independent  structures  but  merely 
processes.  The  ribs,  on  the  other  hand,  are 
independent  lateral  bony  or  cartilaginous  rods 
which  are  attached  either  to  the  hiemapophyses 
(fishes)  or  to  the  pleurapophyses,  and  embrace  ^''o. 
the  part  of  the  body  cavity  containing  the 
viscera. 

Regions  of  the  vertebral  column.— In  the 

higher  Vertebrates  the  primitive  homonomous 
segmentation  of  the  skeleton  gives  place  to 
a  heteronomous  segmentation  which  leads  to 
the  origin  of  a  number  of  regions.  In  this 
point  as  in  others  there  is  a  parallel  between 
the  segmented 'Invertebrates  and  Vertebrates. 
In  the  first  place  an  anterior  region  or  head 
can  always  be  cHstinguished  from  the  posterior  uniformly  segmented 
region  or  trunk  (fig.  571);  and  this  division  corresponds  with  the 
enlargement  of  the  anterior  part  of  the  central  nervous  system  to 


Diagi'am ;  of 
the  vertebral  colurmi  of 
a  Teleostean  with  inter- 
vertebral growth  of  the 
notochord.  Ch,  Noto- 
chord ;  Wk,  bony  verte- 
bral bodies ;  /,  mem- 
branous intervertebral 
portion,  b.  Vertebrae  of 
fish.  X,  Body  of  vertebra, 
Ob,  dorsal  ar-ch  {neivra- 
■pophysis) ;  Ub,  ventral 
arch  (Jtcemapophysis) ;  D, 
dorsal  spinous  process ; 
D',  ventral  spinous  pro- 
cess ;  K,  rib. 
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form  the  brain  and  with  the  first  portion  of  the  alimentary  canah 
The  cannl  formed  by  the  neural  arches  is  here  dilated  to  foi-m  the 
cranial  capsule,  on  the  ventral  side  of  which  are  placed  cartilaginous 
arches  known  as  the  visceral  arches,  of  which  the  anterior  pair 
constitutes  the  mandibular  appai-atus,  is  armed  with  teeth  and 
surrounds  the  entrance  to  the  alimentaiy  canal  (lig.  571). 
The  mandibular  arch  is  followed  by  a  number  of  arches  which 
surround  the  pharynx ;  the  first  of  these  is  the  hyoid  arch  and  the 
rest  are  the  branchial  ai-ches. 

The  part  of  the  body  behind  the  liead  may  be  divided  into  two 
regions:  (1)  an  anterior  region — the  trunk  proper — in  which  the 
peritoneal  or  body  cavity  lined  by  the  peritoneal  membrane  is  placed  ; 
the  vertebrte  in  this  region  bear  ribs  ;  (2)  a  posterior  region  or  tail, 


Fig.  571.— Head  and  anterior  region  of  tbe  vertebral  column  of  Acanthins  (after  Owen). 
K,  Body  of  vertebra ;  O,  neural  arch ;  S,  intercalated  piece ;  P(2,  Palatoquadrate ; 
Lk,  labial  cartilage  ;  Zb,  hyoid  arch  ;  Kb,  branchial  arch ;  Sg,  shoulder-girdle. 

in  which  there  is  no  body  cavity,  and  the  hfemapophyses  unite  with 
each  other  to  enclose  a  canal  (containing  the  caudal  vessels).  This, 
the  most  simple  form  of  segmentation  of  the  trunk,  is  confined  to  the 
lower  Vertebrates  which  propel  themselves  by  the  flexion  and  undu- 
latory  movements  of  the  vertebral  column,  and,  like  the  Annelids,  live 
in  water,  in  mud,  or  in  the  earth,  or  even  creep  after  the  manner  of 
snakes  on  the  surface  of  the  earth. 

In  the  higher  Vertebrates,  however,  in  which,  as  in  the  Arthropods, 
the  function  of  locomotion  is  discharged  by  paired  appendages,  the 
movements  of  the  chief  axis  are  reduced  and  in  many  regions  are 
altogether  absent.  In  the  Vertebrata  there  are  only  two  pairs  of 
limbs,  an  anterior  pair  and  a  posterior  pair.  In  the  lower  Verte- 
brata they  have  the  form  of  fins  and  play  but  a  subordinate  part  m 
locomotion.    In  such  cases,  therefore,  the  vertebral  column  retains 
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its  mobility  and  the  uniformity  of 
its  segmentation.  It  is  only  in 
those  cases  in  which  the  method 
'  of  locomotion  requires  a  greater  ex- 
penditure of  force  on  the  part  of 
the  limbs,  and  a  firmer  connection 
between  them  and  the  axial  skeleton, 
and  the  limbs  are  more  strongly 
developed,  that  the  vertebral  column 
is  divided  into  successive  regions, 
each  of  which  is  characterised  by 
the  special  form  of  the  vertebrae 
composing  it. 

Since  the  posterior  limbs  constitute 
the  chief  svipports  of  the  body,  and 
are  the  principal  seat  of  the-  pro- 
pulsive power,  their  girdle  is  usually 
immoveably  fused  with  a  region  of 
the  vertebral  column,  which  is  dis- 
tinguished by  the  firm  and  rigid 
connection  of  its  vertebrae  (fig.  572), 
This  region,  which  is  situated  be- 
tween the  trunk  and  the  tail,  is 
called  the  sacral  region,  and  is 
formed  in  the  Amphibia  by  a  single 
vertebra,  in  Reptilia  by  two,  and  in 
the  higher  Vertebrates  by  a  number 
of  vertebrae,  the  transverse  processes 
of  which  are  specially  large  and  are 
firmly  united  to  the  iliac  bones  of 
the  pelvic  girdle  by  means  of  their 
corresponding   ribs    (fig,    572,  S). 
With  the  development  of  the  an- 
terior limbs,  and  the  need  of  a  firmer 
connection  between  them  and  the 
trunk,  a  more  rigid  region  of  the 
vertebral  column  makes  its  appear- 
ance in  the  anterior  part  of  the 
body.    This  region  is  known  as  the 
thoracic  region  and  its  vertebras  as 
the  thoracic  or  dorsal  vertebra?  (fig. 
VOL.  n. 


Pr&.  572.— Skeleton  of  Meiiopoma  al- 
leyhanierue.      Ocl,    Exoccipital  toone ; 
P,  parietal  bone ;  F,  frontal ;  Ti/,  tym- 
imnic ;  Pe,  petrosal  ;  Mx,  maxillary 
Jmx,  inter-maxiUary  (prasmaxillary) 
N,  nasal ;  Vo,  vomer ;  Et,  girdle  bone 
Pt,  pterygoid;  Sc,  pectoral  girdle 
PJ,   pelvic  girdle;    8,  sacral  verte- 
bra; R,  ribs;  h,  hyoid  arch  {Zh),  and 
branchial  arches  (Kb)  of  the  same. 
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573,  JJ).  Its  ribs  are  distinguished  by  their  special  length,  and 
they  ai-e  connected  ventrally  with  a  system  of  cartilaginous  or 
bony  pieces  (sternum)  placed  in  the  middle  line  of  the  ventral 
body-wall.  Between  the  head  and  thoracic  region  on  the  one  hand, 
and  between  the  thoracic  tind  sacral  region  on  the  other,  there  is 
a  region  the  vertebrse  bf  which  are  more  movable  upon  one  another. 
The  i-egion  which  connects  the  head  with  the  thorax — the  neck 
(cervical  region) — is  characterised  by  the  greater  freedom  of  move- 
ment possessed  by  its  vertebrae,  on  which  the  rudiments  of  ribs  are 
retained.  The  region  between  the  thorax  and  sacrum — the  lumbar 
region  (fig.  573,  L) — is  distinguished  by  the  great  size  of  its  trans- 
verse pi'ocesses,  and  at  the  same  time  by  a  greater  mobility  of  its 
vertebrae  which  are  as  a  rule  without  ribs. 

Accordingly  the  trunk  of  the  higher  Vertebrates  is  divided  into 
cervical,  thoracic  (dorsal),  lumbar  and  sacral  regions,  which  are 
followed  by  the  caudal  region  (fig.  57,3,  C). 

The  limbs,  which  have  perhaps  been  derived  from  lateral  folds  of 
the  skin  or  possibly  from  parts  of  the  visceral  arches,  present  very 
considerable  differences  in  their  form  and  function.  They  may  have 
the  form  of  legs  and  support  the  body  as  in  terrestrial  animals,  or 
serve  for  flight  as  the  wings  of  aerial  animals,  or  they  may.be  used  in 
swimming,  as  the  fins  of  aquatic  animals.  It  can  be  shown,  however, 
that  in  every  case  they  are  composed  of  the  same  essential  parts, 
the  variation,  suppression,  and  reduction  of  which  determines  the 
difterences  between  them. 

Just  as  legs,  wings,  and  fins  are  homologous  organs,  so  the  anterior 
and  posterior  pairs  of  limbs  seem  to  be  repetitions  of  the  same 
arrangement.  In  both  we  can  recognise  the  girdle  for  the  connec- 
tion with  the  vertebral  column,  the  shaft  composed  of  long  tubular 
bones  and  the  terminal  region.  In  tracing  the  development  of  the 
extremities  Gegenbaur  takes  the  skeleton  of  the  fin  of  Ceratodm 
and  of  the  Grossopterygians  (archipterygium)  as  his  starting-point, 
from  which,  by  the  reduction  of  certain  regions  and  the  modification 
of  others,  the  limbs  of  the  higher  Vertebrates  may  be  derived.  The 
pectoral  girdle,  that  is  the  gii^dle  of  the  anterior  pair  of  limbs, 
consists  of  three  paired  pieces — the  dorsal  shoulder-blade  (scapula) 
and  two  ventral  pieces  placed  one  behind  the  other,  known  as  the 
prsecoracoid  (with  the  clavicle)  and  the  coracoid.  The  pelvic 
girdle,  or  girdle  of  the  posterior  limbs,  corresponds  to  the  pectoral 
"•irdle,  and  is  likewise  composed  of  three  paired  elements — a  dorsal 
element  attached  to  the  sacrum  and  known  as  the  ilium,  and  two 
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ventral  elements  which  join  their  fellows  in  the 
and  are  known  as  the  pubis  and 
ischium.  The  limbs  are  divided  into 
three  segments — the  two  pi'oximal 
of  which  are  long  and  contain  long 
lioUow  bones  articulated  together, 
the  third  segment  being  shorter  and 
terminal.  These  segments  are  called 
bracMum,  antebrachium  and  manus 
in  the  fore-limb;  femur,  crus  and 
pes  in  the  hind-limb. 

The  proximal  segments  (i.e.,  the 
brachium  and  femur)  each  contain 
one  bone — the  humerus  (11)  and 
femur  (Fe)  respectively.  The  middle 
segments  (i.e.,  antebrachium  and  crus) 
each  contain  two  bones — the  radius 
and  ulna  in  the  former  (R,  U ),  the 
tibia  and  fibula  (T,F)  in  the  latter. 
The  distal  or  terminal  segments  (i.e., 
the  manus  and  pes)  each  contain  a 
large  number  of  elements  placed  close 
together.  These  elements  consist  of 
two  proximal  rows  of  bones,  known 
in  the  hand  as  the  carpus,  and  in 
the  foot  as  the  tarsus;  of  a  middle 
row,  known  respectively  as  the  meta- 
carpus and  metatarsus;  and  of  a 
number  of  distal  bones  known  as  the 
phalanges,  and  constituting  the 
skeleton  of  the  fingers  and  toes. 

The  skull  varies  considerably  in 
form  and  structure.  When  the  ver- 
tebral column  is  membranous  and 
cartilaginous,  the  skull  likewise  con- 
sists of  a  continuous  membrano-car- 
tilaginous  capsule,  which  in  essential 
points  agrees  with  the  embryonic 
rudiment  of  the  cranium  (primor- 
dial cranium)  of  the  higher 
Vertebrates  (fig.  571).    From  this  primordial 


middle  ventral  line, 


cranium  the  bony 
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skull-  is  developed  partly  by  ossifications  in  the  cartilaginous 
capsule  or  by  ossifications  pioceeding  from  the  membi-anous  peri- 
chondrium;  partly  l)y  the  addition  of  membrane  bones,  which 
gradually  supplant  the  cartilaginous  parts. 

Segmentation  of  the  skull.— It  is  only  when  the  cranial  capsule  is 
bony  that  any  comparison  can  be  instituted  between  the  arrangement 
of  the  hard  parts  of  the  skull  and  that  of  the  parts  of  a  vertebra  : 
this  comparison  has  led  to  the  view  that  the  skull  is  composed  of 
three  or  four  vertebraj  or  segments.  These  are  from  behind  forwards, 
the  occipital,  parietal,  frontal  and  ethmoid  segments.  Each  .such 
segment,  according  to  the  vertebral  theory  of  (P.  Frank)  Goethe  and 


Pm 

Fig.  574. — Lateral  view  of  a  goat's  skull ;  01,  exoccipital  bone;  C,  condyle;  Os,  supra- 
occipital  ;  Sq,  squamosal ;  Ty,  tympanic  ;  Pe,  petrosal ;  Pm,  paramastoid  process  ;  Pa, 
parietal ;  Fr,  frontal,  La,  lachrj-mal  ;  Na,  nasal ;  Fo,  optic  foramen  ;  Mx,  maxilla ;  Jmx, 
inter-maxilla  (pre-maxilla) ;  J";;,  jugal;  Pw?,  palatine  ;  Pi,  pterygoid. 

Oken,  is  supposed  to  consist  of  a  basal  part  corresponding  to  the  body 
of  the  vertebra,  and  of  a  neural  arch  formed  of  two  lateral  pieces  and 
a  median  dorsal  piece  (spinous  process)  (fig.  574).  According  to  this 
theory  the  basi-occipital  bone  would  correspond  to  the  body  of  the 
vertebra,  the  two  exoccipitals  to  the  lateral  parts  of  the  neural  arch, 
and  the  supra- occipital  to  the  dorsal  median  parts  or  spinous 
process.  The  bones  of  the  middle  or  parietal  region  of  the  skull 
consist  of  a  basal  bone,  the  basisphenoid,  two  latei-al  bones,  the 
alisphenoids  and  two  dorsal  bones,  the  parietals ;  the  two  latter  are 
membrane  bones,  and  complete  the  arch  dorsally.    The  bones  of  the 

*  CompfU'e  especially  Eeichort  and  KoUiker.  Hnxley,  Parker  etc. 
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anterior  or  frontal  region  likewise  consist  of  the  basal  prsesphenoid, 
the  two  lateral  orbitosphenoids,  and  the  two  dorsal  frontal  bones, 
which  are  membrane  bones  and  complete  the  arch  dorsally. 

The  ethmoid  may  be  regarded  as  representing  the  body  of  a  fourth 
or  anterior  vertebra;  it  is  covered  above  by  the  nasal  bones  and 
below  by  the  vomer. 

Finally,  between  these  different  bones  other  bones  are  intercalated, 
e.'g.,  the  mastoid  and  petrosal  between  the  occipital  and  sphenoidal. 

Eecently  essential  objections  to  this  vertebral  theory  have  been 
raised  by  Huxley  and  Gegenbaur;  and  these  objections  have  proved 
fatal  to  the  theory.    According  to  Gegenbaur,  the  skull  is  composed 


Pig.  575. — Median  longitudinal  section  of  a  sheep's  skull  seen  from  the  inside.  Ob,  basi- 
occipital ;  01,  exoccipital ;  Os,  supraoccipital ;  Pe,  petrous  bone  ;  Sph,  basisphenold ; 
JPs,  prsesphenoid ;  AU,  alis]jhenoid  ;  Ors,  orbitosphenoid ;  Pa,  parietal ;  Fr,  frontal; 
Sf,  frontal  sinus;  Na,  nasal;  C,  tiu-binal ;  Ci,  inferior  turbinal;  Ft,  pterygoid;  ^al, 
palatine;  Fo,  vomer;  iliTa;,  maxilla ;  iTmx,  inter-maxilla  (pre-maxilla). 


of  a  much  greater  number  of  segments  corresponding  to  the  primary 
visceral  arches,  and  the  resemblances  between  the  cranial  bones, 
especially  of  the  median  and  anterior  regions  of  the  skull,  and  the 
parts  of  a  vertebra  are  entirely  secondary. 

The  rest  of  the  hard  parts,  which  are  more  or  less  intimately 
connected  with  the  skull,  consist  of  a  number  of  arches  lying  one 
behind  the  other,  and  surrounding  the  entrance  into  the  visceral 
cavity. 

The  anterior  of  these — the  maxillo-palatine  apparatus— forms  the 
facial  region.  In  its  simplest  form  it  consists  of  two  moveable  pieces 
(palato-quadrate  and  lower  jaw),  which  are  attached  by  the  hyoman- 
dibular  (the  dorsal  element  of  the  second  arch)  to  the  auditory  region 
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of  the  skull  (tig.  571,  //).  The  upper  piece  of  the  first  arch,  like- 
wise, is  sometimes  more  or  less  firmly  applied  along  its  whole  length 
to  the  skull,  and  when  ossification  takes  place  it  becomes  divided  on 
either  side  into  an  outer  and  inner  series  of  pieces,  the  fii  st  including 
the  jugal,  the  maxilla,  and  prsemaxilla,  the  latter  the  pterygoid  and 
palatine  (fig.  575).  These  series  of  bones  form  the  upper  jaw  and 
the  roof  of  the  mouth. 

The  lower  jaw,  which  is  primitively  a  simple  cartilaginous  arch 
(Meckel's  cartilage),  iilso  becomes  replaced  on  either  side  by  a 
number  of  bones  (articulare,  angulare,  dentary,  etc.),  of  which 
the  dentary  usually  bears  teeth  and  is  the  largest.  . 

The  visceral  arches  which  follow  the  mandibular  arch  and  are  also 
connected  with  the  skull  are  developed  in  the  wall  of  the  pharynx, 
to  which  they  bear  the  same  relation  that  the  ribs  do  to  the  thorax 
and  body  cavity.  The  anterior  arch  (hyoid  arch),  the  upper  portion 
of  which  in  the  lower  Vertebrates  serves  as  the  suspensorium  of  the 
jaw  (hyomandibular),  forms  a  support  for  the  tongue,  and  the  arch 
of  each  side  meets  a  median  basal  piece  {os  linyiude).  The  latter  is 
followed  by  a  series  of  median  unpaired  bones  {cojmlai),  which  connect 
the  following  arches  (branchial  arches).  The  branchial  arches  are  most 
developed  in  the  aquatic  Vertebrates,  in  which  they  are  separated  by 
the  pharyngeal  slits,  and  serve  to  bear  the  gills.  In  the  air- 
breathing  Vertebrates  they  become  more  and  more  reduced,  and 
finally  are  only  discernible  in  imperfect  number  as  embryonic  struc- 
tures. The  i-emains  of  the  whole  apparatus  form  the  body  and 
cornua  of  the  hyoid  bone. 

Integument. — The  external  skin  of  the  Vertebrates  is  divided 
into  two  very  distinct  layers,  the  epidermis  externally  and  the  cutis 
internally.  The  latter  is  principally  composed  of  a  fibrous  connective 
tissue,  with  which  musciilar  elements  come  into  relation,  without 
however  forming  a  complete  dermal-muscular  envelope  as  in  the 
Annelids. 

When  the  dermal  muscles  have  a  considerable  extension  over  large 
surfaces,  they  serve  exclusively  to  move  the  skin  and  its  manifold 
appendages,  but  are  not  used  for  the  movements  of  the  trunk,  which 
are  produced  by  a  highly- developed  muscular  system  surrounding  the 
skeleton.  The  cutis  is  continued  into  a  deeper,  more  or  less  loose 
layer,  the  subcutaneous  connective  tissue,  but  its  more  superficial 
part  is  tolerably  compact,  and  contains  not  only  various  pigments,  but 
also  blood-vessels  and  nerves.  At  its  upper  surface  the  cutis  is  raised 
into  small  conical  papillae,  which  are  covered  by  the  epidermis  and 
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are  of  importance  not  only  as  special  sense  organs  (tactile  organs), 
but  also  for  the  production  of  various  hard  structures  (scales,  teeth). 
The  epidermis  is  composed  of  several  layers  of  cells,  of  which  the 
upper  and  older  layers  are  cast  off,  whUe  the  lower  layers  {stratum 
Malpighi)  are  actively  growing  and  serve  as  a  matrix  for  the  con- 
tinual renewal  of  the  upper  layers,  and  sometimes  contain  the 
cutaneous  pigments.  Some  of  the  appendages  of  the  skin  are 
epidermal  structures,  in  which 
case  they  arise  as  the  result 
of  pecuhar  and  independent 
growths  of  the  epidermis  (hairs 
and  feathers).  Some  are  de- 
rived from  ossifications  of  the 
dermal  papillae  which  sometimes 
may  even  give  rise  to  a  hard 
and  complete  dermal  armour 
(scales  of  Fishes  and  Reptiles, 
carapace  of  Armadillos  and 
Tortoises). 

The  central  nervous  system 
is  placed  in  the  dorsal  cavity 
formed  by  the  upper  arches  of 
the  vertebrae ;  it  consists  essen- 
tially of  a  cord — the  sinned  cord 
— the  anterior  enlarged  and 
more  differentiated  part  of 
which  is  distinguished  as  the 
brain.  The  spinal  cord  con- 
tains a  narrow  central  canal. 

Fig.  576. — Embryo  cluck  at  eud  of  second  day 
which  is  continued  into  the  (after  KolUker).  Vh,  Fore-brain;  Mli,  raid- 
brain,  where  it  widens  out  and    ^^T/,  ^' i^^d-br^dn;  ^i,  optic  vesicle ;  mm 

'  medullary  canal;   UW,  protovertebrge ;  StZ, 

forms  the  ventricles  of  the  vertebral  plates  of  the  mesoderm  ;  SP,  lateral 
brain.    The  brain   and  spinal    ^^^^oWastic  plates ;  ^,  heart. 

cord  are,  therefore,  parts  of  the  same  organ.  The  brain  seems 
to  be  the  seat  of  the  intellectual  faculties  and  the  central  organ  of 
the  sensory  apparatuses;  while  the  spinal  cord  conducts  the  impulses 
to  and  from  the  brain,  and  in  particular  is  the  centre  of  reflex  move- 
ments, but  it  also  contains  the  centres  of  certain  automatic  actions. 
The  mass  of  the  brain  and  that  of  the  spinal  cord  increase  as  might 
be  expected,  as  the  grade  of  life  is  higher.  They  increase,  however, 
in  an  unequal  ratio,  for  the  brain  soon  preponderates  over  the  spinal 
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cord.  The  lower  Vertebiutes  with  cold  blood  have  a  relatively 
small  brain,  the  mass  of  which  is  still  considerably  .smaller  than  that 
of  the  spinal  cord.  In  the  warm-blooded  Vertebrates,  on  the  other 
hand,  this  proportion  is  reversed,  and  the  more  markedly,  the  higher 
the  organisation  and  grnde  of  life  of  the  animal  in  question. 

The  spinal  nerves  arise  in  pairs  from  the  spinal  cord  :  each  nerve 
has  two  i-oots— a  dorsal  sensory  root  and  a  ventral  motor  root.  They 
correspond  in  number  with  the  vertebrje,  between  which  they  pass 
out,  so  that  the  spinal  coi-d  repeats  in  a  general  manner  the  seg- 
mentation of  the  vertebral  column. 

In  the  brain  the  arrangement  of  the  nerves  presents  several  com- 
plications which  are  further  increased  by  the  origin  of  two  sensory 
nerves  —the  olfactory  and  optic.    In  spite  of  the  differences  in  fom 


Fig.  577.— a.  Brain  and  anterior  part  of  the  spinal  cord  of  a  human  embryo  seen  from  the 
side  (after  Kolliker).  Vh,  Fore-brain;  Zk,  thalamencephalon ;  Mh,  mid-brain.-  ffh, 
hind-brain ;  Nh,  medulla  oblongata ;  T,  anterior  ventral  end  of  the  thalamencephalon  ; 
N O,  optic  nerve,  h.  Diagrammatic  longitudinal  section  thr6ugh  a  vertebrate  brain  (after 
Huxley).  Hs,  Hemispheres  ;  LO,  olfactory  lobes  ;  Olf,  oLfactoiy  nerve  ;  ThO,  optic 
thalamus;  F^,  third  ventricle ;  No,  optic  nerve;  II,  pituitary  body  (hypophysis);  Gp, 
pineal  gland ;  CQ,  corpora  quadrigemina ;  Cb,  cerebellum ;  MO,  medulla  okongata  ; 
P  V,  pons  Varolii. 

and  structure  presented  by  the  brain,  three  principal  regions  which 
correspond  to  the  three  vesicles  found  in  the  embiyo  can  always  be 
distinguished  (fig.  576).   The  anterior  vesicle  {fore-brain,  fig.  576,  Vh) 
corresponds  to  the  cerebral  hemispheres  a,nd  the  optic  thalami  (fig.  577, 
Hs,  ThO),  the  middle  vesicle  (mid-brain,  Mlt)  to  the  corpora  quadri- 
gemina (fig.  577,  G  Q),  and  the  posterior  vesicle  (hind-brain,  fig.  576, 
Hh)  to  the  cerebellum  a,nd  medulla  oblongata  (fig.  577,  Cb,  MO).  The 
anterior  vesicle,  however,  is  again  divided  into  two  parts — an  anterior 
bilobed  pai-t,  which  constitutes  the  cerebral  hemispheres  and  contains 
the  lateral  ventricles,  and  a  posterior  unpaired  part  Avhich  constitutes 
the  so-called  thalamencephalon  with  the  thalami  optici  and  the  parts 
surrounding  the  third  ventricle  (fig.  577).   The  third  cerebral  vesicle 
is  also  divided  into  two  parts — anteriorly  the  cerebellum,  and  pos- 
teriorly the  medulla  oblongata. 
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The  sense  organs  present  the  following  arrangement.  The  anterior 
is  the  olfactory  organ,  which  consists  of  a  pit  usually  paired,  excep- 
tionally unpaired  (Cyclostomes) ;  the  nerves  which  pass  to  these  pits 
arise  from  the  fore-brain  and  are  often  swollen  at  their  origin  into 
special  lobes  (olfactory  lobes).  In  aquatic  animals  which  breathe  by 
gills  the  nasal  cavity  consists  with  rare  exceptions  I^Myxine)  of  a 
blind  sao.  In  all  lung-breathing  Vertebrates,  on  the  contrary,  it 
communicates  with  the  cavity  of  the  mouth  by  the  nasal  passages, 
and  serves  for  the  entrance  and  exit  of  the  pulmonary  air. 

Next  come  the  eyes  with  the  optic  nerves  which  arise  from  the 
thalamencephalon  and  mid-brain.  They  are  always  paired  (for  the 
structure  of  the  eye  vide 
p.  73,  vol.  i.).  In 
2)hioxus  alone  they 
represented  by  an  un- 
pau'ed  pigment  spot  placed 
on  the  anterior  end  of  the 
central  nervous  system. 

The  auditory  organ,  the 
nerve  of  which  belongs  to 
the   hind-brain  (probably 
derived  from  the  sensory 
root  of  a  spinal- like  cranial 
nerve),  is  entirely  absent  in 
Amphioxiis.  In  its  simplest 
form  it  is  a  membranous 
sac  (membranous  labyrinth) 
containing  flmd  and  oto- 
-liths.    The  posterior  part 
of  this  sac  is  usually  prolonged  into  tbree  semi-circular  canals,  while 
the  anterior  part,  which  in  many  cases  is  separated  as  the  saccule, 
gives  off  a  prolongation  which  forms  the  cochlea  (fig.  578,  ^S*,  C). 

The  sense  of  taste  is  located  in  the  palate  and  the  root  of  the 
tongue.  The  organs  of  taste  consist  of  pecviliarly-modified  groups  of 
epithelial  cells  (taste  buds),  and  are  supplied  by  a  spinal- like  cerebral 
nerve  {glossopharyngeal).  The  general  sensibility,  which  is  distri- 
buted over  the  whole  surface  of  the  body,  and  the  tactile  sense  are 
also  connected  with  the  terminations  of  the  sensory  fibres  of  spinal 
nerves. 

In  addition  to  the  cerebro-spinal  nervous  system  there  is  (except 
in  Amphioxus  and  the  Cyclostomes)  a  special  visceral  nervous  system 


Fig.  578.— Diagram  of  the  auditory  labyrinth  (after 
Waldeyer).  I,  bf  fish ;  II,  of  bird ;  J/J,  of  mammal ; 
XT,  utricle  with  the  three  semicircular  canals;  S, 
saccule;  US,  alveus  communis;  C,  cochlea;  L, 
lagena ;  Cr,  canalis  reuniens ;  R,  aquseductus  vesti- 
buli. 
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— the  sympathetic.  This  is  formed  by  special  brandies  of  the  spinal 
nerves  and  spinal-like  cranial  nerves,  which  are  connected  with  special 
ganglia  and  give  off  nervous  plexuses  to  the  viscera  (lig,  80). 

The  organs  of  nourishment,  circulation,  and  reproduction  are 
placed  in  the  body  cavity  which  extends  beneath  (ventral  to)  the 
skeletal  axis.  The  digestive  canal  is  a  more  or  less  elongated  tube 
which  in  the  region  of  the  skull  is  encircled  by  the  vi.sceral  arches ;  it 
begins  with  the  mouth  and  ends  with  the  anus,  which  latter  is  placed 
on  the  ventral  surface  at  various  distances  from  the  hinder  end  of 
the  body  (according  to  the  length  of  the  caudal  region  of  the  verte- 
bral column).  The  alimentary  canal  is  invested  in  the  greater  part 
of  its  course  by  a  fold  of  the  peritoneum  which  lines  the  body  cavity, 
and  is  fastened  to  the  under  surface  of  the  vertebral  column  by  the 
two  lamellte  of  this  fold,  which  ai-e  closely  applied  to  one  another 
and  form  the  mesentery.  As  a  rule  the  alimentary  canal  is  much 
longer  than  the  distance  between  the  mouth  and  anus,  and  therefore 
forms  more  or  less  numerous  coils  in  the  body  cavi'y. 

The  digestive  canal  is  almost  always  divided  into  three  regions,  the 
oesophagus  and  stomach,  the  small  intestine  with  liver  and  pancreas, 
and  the  large  intestine.  The  cesophagus  always  begins  with  a  buccal 
cavity,  on  the  floor  of  which  a  muscular  fold,  the  tongue,  projects. 
Although  this  organ,  which  is  richly  supphed  mth  nerves,  is  in 
general  rightly  regarded  as  an  organ  of  taste,  it  nevertheless  plays  a 
considerable  part  in  the  reception  of  the  food,  and  may  even  in  some 
cases  altogether  lose  its  importance  as  an  organ  of  taste.  The  buccal 
cavity,  except  in  A7nphiox2ts  and  the  Gyclostomes,  is  enclosed  by  the 
skeletal  arch  known  as  the  maxillo-palatine  apparatus  and  the  lower 
jaw,  of  which  the  lattei'  is  always  capable  of  powerful  movements, 
while  the  parts  of  the  former  are  either  more  or  less  firmly  united 
together  and  attached  to  the  bones  of  the  skull,  or  are  capable  of 
movement  on  the  latter.  The  two  jaws,  unlike  those  of  the  Arthro- 
poda,  work  upon  one  another  in  the  direction  from  below  upwards. 
They  are  usually  furnished  with  teeth.  The  teeth  ai-e  derived  from 
ossified  papillfe  (dentine)  of  the  mucous  membrane  of  the  mouth 
(fig.  579),  which  are  covered  with  an  epidermal  structure — the  enamel; 
they  are  either  dii-ectly  fused  with  the  bones  of  the  jaw  or  inserted 
into  special  alveoli  in  the  latter.  The  teeth  in  the  higher  Vertebrates 
are  confined  to  the  npper  and  lower  jaws,  but  in  the  lower  Vertebrates 
they  may  appear  on  all  the  bones  which  surround  the  buccal  cavity. 
Teeth  are,  however,  often  altogether  absent.  In  Birds  and  Tortoises 
they  are  replaced  by  a  horny  covering  of  the  sharp  edges  of  the  jaws 
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(beak),  and  certain  toothless  Whales  bear  horny  plates  (the  so-called 
whalebone)  on  their  palate. 

In  almost  all  cases  the  alimentaiy  canal  is  provided  in  its  different 
regions  with  independent  glands  which  mix  their  secretion  with  its 
contents.  In  the  cavity  of  the  mouth  the  saliva  secreted  by  a  greater 
or  less  number  of  salivary  glands  is  mingled  with  the  food.  In  many 
aquatic  animals  these  salivary  glands  may  be  reduced  or  be  wholly 
absent.  Into  the  first  part  of  the  small  intestine  the  bile  and  the 
secretion  of  the  pancreas,  which  is  of  great  impoi-tance  for  the 
digestion  of  the  food,  is  poured.  The  bile  is  secreted  by  the  liver — 
a  large  gland  through  which  the  venous  blood'  returning  from  the 


viscera  passes 
on  its  course 
to  the  heart 
(portal  circu- 
lation).  In 
Amphioxios  the 
liver  is  repre- 
sented by  a 
simple  cfecal  di- 
verticulum of 
the  intestine. 
In  Amjjhioxus 
and  some  other 
fishes  the  pan- 
creas is  want- 
ing. The  small 
intestine  i  n 
which  the 
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Fig.  579.  -The  development  of  the  tooth  in  Triion  (after  O.  Hertwig). 
a,  The  first  stages  of  the  development  of  a  tooth  ;  on  the  right  hand 
is  the  earliest  rudiment,  b.  Later  stage  of  development.  DK, 
papilla  of  the  cutis  which  later  becomes  the  dentine  of  the  tooth 
MS,  enamel  membrane  (epithelial  i<rowth  which  forms  the  enamel) ; 
D,  dentine ;  S,  enamel ;  Ep,  epithelium  of  the  mouth. 


juices  are  absorbed  is  distinguished  not  only  by  its  great  length — 
it  is  in  fact  this  portion  of  the  alimentary  canal  which  is  arranged 
in  coils — but  also  by  the  presence  of  internal  folds  and  papillte 
which  considerably  increase  the  extent  of  absorbing  surface.  The 
terminal  region  (large  intestine,  rectum)  of  the  digestive  canal  is 
principally  distinguished  by  its  width  and  its  powerful  muscles. 

Special  respiratory  organs,  as  lungs  or  gills,  are  always  present. 
The  gills  usually  consist  of  double  rows  of  lancet-shaped  lamelL-e, 
which  are  arranged  on  the  sides  of  the  pharynx  behind  the  mandibu- 
lar arch,  and  except  in  the  Cyclostomes  are  borne  by  visceral  arches. 
Between  these  arches  there  are  always  narrower  or  wider  slit-like 
opening.s,  which  lead  directly  into  the  pharynx  and  allow  the  water 
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which  batlies  the  gills  and  serves  for  respiration  to  pass  from  the 
pharynx  into  the  branchial  cavity.  On  the  external  side  the  gills 
ure  often  protected  by  a  cutaneous  fold  or  by  an  operculum,  at  the 
lower  or  posterior  margin  of  which  there  is  a  long  slit  for  the 
passage  outwards  of  the  water  from  the  branchial  cavity.  The  gills 
may,  however,  project  as  uncovered  external  appendages  (external 
gills  of  Amphibians  and  Selachian  embryos). 

In  the  lower  Vertebrata  lungs  and  gills  may  coexist  in  the  same 
animal,  and  in  fishes  the  lungs  are  represented  by  a  morphologically 
equivalent  organ — the  swimming  bladder.  Lungs,  however,  in  their 
more  complete  development  are  only  found  in  the  higher  and  for 
the  most  part  warm-blooded  Vertebrates.  In  their  .simplest  form 
they  appear  as  two  sacs  filled  with  air  and  opening  by  a  common  air 
passage  {trachea)  into  the  pharynx.  The  walls  of  the  pulmonary 
sacs  contain  the  respiratory  capillaries ;  their  surface  is  usually 
increased  by  folds  and  projections  which  give  them  the  appearance 
of  a  spongy  organ  or  of  an  organ  traversed  by  tubes.  The  two  lunirs 
often  extend  far  into  the  body  cavity,  but  in  the  higher  Vertebrate.-, 
they  are  confined  to  the  anterior  part  of  the  latter  which  may  be 
more  or  less  completely  separated  off'  from  the  hinder  part  of  the 
body  cavity  by  a  transverse  partition — the  diaphragm — and  is  then 
called  the  thoracic  cavity. 

Aerial  respiration  also  requires  a  continual  change  of  the  medium 
serving  for  respiration;  the  exchange  of  the  used-up  air  saturated 
with  carbonic  acid  gas  for  the  atmospheric  air  rich  in  oxygen.  This 
exchange  is  effected  by  various  mechanical  arrangements  on  which 
the  so-called  respiratory  movements  are  dependent.  These  move- 
ments take  place  in  all  those  Vertebrates  which  breathe  by  means  of 
lungs,  but  are  most  complete  in  the  Mammalia,  in  which  they  con- 
sist in  alternating  rhythmical  contractions  and  dilatations  of  the 
thorax. 

At  the  entrance  of  the  trachea  and  in  connection  mth  the  organs 
of  respiration  is  the  vocal  organ  (larynx),  which  is  usually  formed  by 
a  modification  of  the  upper  portion  of  the  trachea.  The  larynx 
contains  vocal  chords,  and  opens  into  the  pharynx  by  a  narrow  slit 
[glottis)  which  is  usually  capable  of  being  closed  by  an  epiglottis. 

The  circulatory  organs  are  in  close  relation  with  the  respiratory 
organs.  The  vascular  system  is  always  closed  and  contains  red  blood 
(except  in  Amphioxus  and  the  Le2)toce2)halida,  where  the  blood  is 
white).  The  red  colour  of  the  blood,  which  was  formerly  held  to  be 
the  essential  character  of  blood  (Aristotle),  is  due  to  the  presence  of  an 
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enoi-mous  number  of  red  blood  coi'puscles,  which  nre  flat,  disc-shaped 
globules,  contain  the  colouruig  matter  (haemoglobin)  and  carry  the 
oxygen  to  the  tissues.  In  addition  to  the  red  blood-corpuscles 
there  are  small  colourless  cells  in  the  blood — the  amoeboid  white 
blood- coi'puscles  (vol.  i.,  fig.  19). 

Except  in  AmphioxKS,  in  which  the  larger  vascular  trunks  pulsate, 
a  definite  part  of  the  vascular  system  is  always  developed  to  form  a 
heart.  The  heart  lies  in  the  anterior  part  of  the  body  cavity,  and  is 
primitively  placed  exactly  in  the  middle  line.  It  has  a  conical  shape 
and  is  enclosed  in  a  pericardium.  The  position  of  the  principal 
vessels  and  their  connection  with  the  heart  are  in  the  simplest  case 
as  follows :  A  large  artery — the  dorsal  aorta — runs  along  the  verte- 
bral colimin  and  gives  off  numerous  lateral  branches,  corresponding 
to  the  segmentation  of  the  vertebral  column,  to  the  right  and  left. 
Beneath  this  there  is  in  the  caudal  region,  an  unpaired  vein — the 
caudal  vein, — in  the  body  cavity  on  the  contrary  a  pair  of  veins — 
the  inferior  cai'dinal  veins.  These  veins  receive  theii-  blood  from 
lateral  venous  branches  which  proceed  directly  from  the  capillary 
network  of  the  arterial  branches.  Another  principal  vein — the  vena 
cava  inferior — separated  from  the  cardinal  veins  by  the  hepatic  portal 
system,  and  connected  with  two  superior  cardinal  veins,  conveys  the 
venous  blood  back  to  that  portion  of  the  heart  which  is  known  as  the 
auricle.  Prom  the  auricle  the  blood  flows  into  the  the  muscular  ven- 
tricle and  is  forced  thence  into  an  ascending  artery  {aorta  ascendens 
or  cardiac  aorta).  The  latter  divides  into  lateral  arterial  arches  which 
pass  towards  the  dorsal  side  and  unite  beneath  the  vei-tebral  column 
to  form  the  anterior  part  of  the  dorsal  aorta  {aorta  descendens) 
(vol.  i.,  fig.  57). 

This  system  of  the  aortic  arches  is,  however,  complicated  in  various 
ways  by  the  insertion  of  the  respiratory  organs  in  the  course  of  the 
cii-culation  (compare  vol.  i.,  p.  63  et  seq). 

In  all  Vertebrates  there  is  a  system  of  lymphatic  vessels.  The^e 
are  a  special  part  of  the  vascular  system  and  contain  a  clear  nutritive 
fluid  (chyle  and  lymph)  which  is  filled  with  colourless  corpuscles 
(lymph  corpuscles).  They  conduct  the  lymph  (containing  plastic 
materials  for  the  renewal  of  the  parts  of  the  blood  which  have  been 
consumed  in  metabohsm)  to  the  blood.  The  principal  trunk  of  the 
lymphatic  system  (the  thoracic  duct)  runs  along  the  vertebral  column 
and  in  the  higher  Vertebrates  opens  into  the  upper  part  of  the  vena 
cava  superior.  In  the  lower  Vertebrates  there  are  several  communica- 
tions between  the  lymphatic  and  vascular  systems.    Special  gland- 
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like  organs— the  so-called  vascular  glands,  spleen— are  inserted  into 
the  course  of  the  lymphatic  vessels. 

Urinary  organs  or  kidneys  are  generally  present.  They  have  the 
form  of  paired  glands  and  lie  beneath  the  vertebral  column.  The 
first  rudiments  of  the  kidneys  appear  in  the  form  of  organs  resem- 


Fig.  580. — Diagrammatic  longitudinal  section  thi'ough  an  ideal  vertebrate  embryo  (after 
Balfoui').  a, '  After  the  completion  of  segmentation.  J,  Later  stage  in  which  the 
mesenteron  is  being  formed  at  the  hind  end  of  the  embryo  (gasti-ula).  c,  Stage  in  which 
the  neui'al  canal  is  closed  and  communicates  with  the  alimentary  canal.  Ec,  ectoderm  ; 
Hut,  entoderm;  Ms,  mesoderm;  Fh,  segmentation  cavity;  Dh,  alimentai-y  cavity;  Nr, 
neuraljcanal ;  Ch,  notochord. 


bling  the  segmental  organs  of  Annelids.  Peritoneal  invaginations 
(urinary  tubules),  which  communicate  with  the  body  ca\dty  by  funnel- 
shaped  openings,  come  into  connection  mth  the  primitive  kidney-duct 
(archinephric  duct)  which  is  the  first  part  of  the  system  to  appear 
(compare  vol.  i.,  p.  76,  fig.  71).  The  ducts  of  the  kidneys — the  ureters 
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— usually  unite  to  form  an  unpaired  terminal  section — the  urethra, 
whicli,  in  Teleostecms  only,  opens  behind  the  anus;  very  often  it  opens 
into  the  cloaca,  and  in  Mammals  almost  always  unites  with  the 
terminal  parts  of  the  genital  ducts. to  form  a  common  urogenital  canal. 
A  vesicular  reservoii' — the  urinary  bladder — is  often  inserted  into 
the  course  of  the  efferent  ducts.  In  Ushes  only  does  the  bladder  lie 
behind  the  intestine. 

Reproduction  is  always  sexual,  and  separate  sexes  are  the  rule. 
A  few  fishes  only 
(species  of  Serranus) 
are  hermaphrodite.  In 
male  Amphibians  how- 
ever traces  of  ovaries 
are  found. 

Both  kinds  of  sexual 
glands  lie  as  paired 
organs  in  the  body 
cavity,  and  send  off 
paired  ducts  which  in 
the  lower  Vertebrates 
open  into  the  cloaca 
and  often  join  to  form 
an  unpaired  canal. 
Sometimes  indeed  the 
ducts  are  absent  and 
the  genital  products 
fall  into  the  body 
cavity  and  pass  out 
thence  to  the  exterior 
by  a  genital  pore.  The 
division  of  the  genera- 
tive ducts  into  dif- 
ferent regions,  and 
their  connection  with 


Fig.  581.— Transverse  section  through  a  young  embryo  of 
Triton  tceniattis  (after  0.  Hertwig).  a.  First  appearance  of 
the  medullai-y  folds  and  formation  of  the  notochord. 
b,  Closing  of  the  mediillary  groove.  The  notochord  is 
completely  separated  off  from  the  entoderm.  The  constric- 
tion of  the  mesoderm  mto  the  ]5rotovertebra3  is  beginning 
(left  hand  side  of  the  figin-e).  £c,  ectoderm  ;  N,  nervous 
system ;  S,  dorsal  groove ;  MW,  medxillary  folds ;  Mp, 
somatic  mesoblast ;  Mv,  splanchnic  mesoblast ;  Ch,  noto- 
chord ;  End,  intestinal  endoderm  ;  D!i,  lumen  of  gut ;  Lh, 
body  cavity  (pleui'operitoneal  cavity);  ZTTF,  protovertebra- 
A  yolk. 


accessory  glands  and  external  copulatoiy 
apparatuses  determines  the  gi-eat  variations  in  the  structure  of  the 
generative  organs  which  are  most  complicated  in  the  Maynmalia. 

In  many  Fishes  and  Amphibia  copulation  is  confined  to  an 
external  union  of  the  two  sexes,  and  the  eggs  are  fertilized  in 
the  water.  Most  Fishes,  many  Amphibia  and  Reptiles,  and  all  Birds 
lay  their  eggs.  All  the  Mamvialia  are  viviparous  and  their  small 
ova  undergo  embryonic  development  in  the  female  generative  ducts. 
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development  of  the  embryo  (fig.  580)  begins  with  a  total 


partial  (discoidal)  segmentation.  The  first  rudiment  of  the  embryo 
is  usually  a  germinal  disc  or  blastoderm  lying  upon  the  yolk.  From 
the  posterior  end  of  this  disc  the  alimentary  cavity  is  developed.  A 
primitive  streak  which  marks  the  long  axis  of  the  embryo  is  developed 
by  a  thickening  of  the  layers  of  the  blastoderm.  Two  laterally  placed 
longitudinal  folds  give  rise  to  an  ectodermal  groove— the  meduUai-y 
groove  or  first  rudiment  of  the  centi-al  nervous  system— beneath 
which  is  placed  the  notochord  which  is  developed  from  the  endodei  m 
(fig.  581). 

The  medullary  groove  which  is  dilated  anteriorly  is  closed  by  the 
growing  together  of  its  edges,  and  the  tube  so  formed  gives  rise  to 
the  spinal  cord  and  to  the  brain.    Its  lumen  is  for  some  time  in 


Fig.  582.— Transverse  section  through  a  chick  embryo  of  the  second  day  (after  Kolliker). 
Ec,  ectoderm ;  N,  medullary  canal ;  End,  endoderm ;  Ch,  notochord  ;  UW,  proto- 
vertebra;  UNg,  Wolffian  duct  (primitive  duct  of  kidney);  Mp,  somatic  mesoblast;  Mc, 
splanchnic  mesoblast ;  Lh,  body  cavity  ;  Ao,  primitive  aorta. 

communication  with  the  alimentary  cavity  by  the  neurenteric  canal. 
At  the  sides  of  the^e  structures  the  mesoderm  extends  in  the  form 
of  two  bands,  the  median  portions  of  which  (protovertebral  plates) 
become  segmented  in  the  course  of  the  further  development  and 
give  rise  to  the  protovertebrse  (figs.  576  and  582).  The  archinephric 
duct  is  separated  off  at  the  boundary  between  the  protovertebrse  and 
the  unsegmented  lateral  plates  of  mesoblast,  while  the  generative 
glands  arise  nearer  the  median  line  from  the  peritoneum  of  the  lateral 
plates  of  mesoblast.  "While  the  dorsal  part  of  the  embryo  is  thus 
being  formed  the  alimentary  canal  becomes  further  developed  on  the 
ventral  side  of  the  blastodei-m,  and  gradually  absorbs  the  yolk,  often 
leaving  an  external  yolk  sac.  The  young  animals  only  undergo 
a  metamorphosis  in  the  naked  Amphibia  and  sevei-al  Fishes. 

The  division  of  the  Yertebrata  into  the  four  classes  of  Fishes, 
Amphibia,  Birds,  and  Mammals  was  first  established  by  Linnaeus, 
though  it  had  been  ali-eady  indicated  in  the  system  of  Aristotle. 

The  Fishes  and  Amphibia  ai-e  cold-blooded  animals  [i.e.,  animals 
with  a  varying  temperature) ;  Aves  and  Mammals  are  warm-blooded 
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{i.e.,  with  a  constant  temperature),  and  as  they  attain  a  much 
higher  grade  of  hfe  they  are  distinguished  as  the  higher  Vertebrates. 
Recently  the  naked  Amphibia  have  i-ightly  been  separated  from  the 
scaly  animals  or  Reptilia,  and  together  with  the  Fishes  have  been 
distinguished  as  lower  Vertebrates,  in  distinction  to  the  Reptiles, 
Birds,  and  Mammals,  which  have  been  classed  as  higher  Vertebrates. 
Fishes  and  Amphibia  have,  in  fact,  many  characters  in  common,  and 
seem  to  be  less  sharply  marked  off  from  one  another  [Dipnoi)  than 
are  the  Atnphibia  from  the  Reptilia.    The  two  former  groups  not 
only  resemble  one  another  in  the  branchial  respiration  and  in  the 
frequent  persistence  of  the  notocord,  but  also  in  the  simpler  course 
of  the  embryonic  development  and  in  the  absence  of  the  embryonic 
organs  characteristic  of  the  higher  Vertebrates— the  amnion  and  the 
allantois.     On  these  grounds,  and  in  consideration  of  the  many 
relations  between  Reptiles  and  Birds,  Huxley  distinguishes  three 
principal  groups  of  Vertebrata— the  Ichthyopsida  (Pisces  and  Am- 
phibia), the  Sauropsida  (Reptilia  and  Aves),  and  the  Mammalia. 
Among  the  Fishes  there  are  certainly  such  wide  differences  of  organi- 
sation that  we  are  justified  in  dividing  them  into  several  classes. 
The  Leptocardia  might  be  separated  not  only  from  all  the  Fishes  but 
also  from  all  other  classes  of  Vertebrates  as  Acraniata;  also  the 
Selachians,  the  Cyclostomes  and  the  Dipnoi  might  be  regarded  as 
separate  classes  if  it  were  not  moi'e  convenient  to  preserve  the  unity 
of  the  class  Pisces. 


CHAPTER  V. 

Class  I— PISCES.* 

Gold-hlooded,  generally  scaly,  aquatic  animals  with  un2Kdred  fins 
and  paired  pectoral  and  pelvic  fins.  They  breathe  exclusively  by 
means  of  gills,  and  have  a  sim,2}le  heart  consisting  of  auricle  and 
ventricle.    They  are  withoitt  anterior  urinary  bladder. 

The  peculiarities  which  the  structure  and  internal  organisation  of 
these  animals  present  result  in  general  from  the  requirements  of  their 

*_Cuvier  et  Talenciennes,   "  Histoire  NatureUe  des  Poissons."    22  Vols 
Pans,  1828-49.  '' 

Job    Miiller,  "  Vergleichcndc  Anatomie  der  Myxinoiden."    Berlin,  1835-45 
L.  A^assiz,  "  Recherches  sur  les  poissons  fossilcs."    Neiifchatel,  1833-44 
bunther,  "  Catalogue  of  the  fishes  in  the  British  Musemn."  London. 
0.  L.  T.  Baer,  "  Entwickelungsgeschichte  der  Fische."    Leipzig,  1835. 
VOL.  II.  Q  ' 
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aquatic  habits.  Although  there  are  hi  all  classes  of  Vertebrates 
forms  which  move  and  live  m  water,  yet  nowhere  is  the  whole  organi- 
sation so  completely  adapted  to  an  aquatic  life  as  in  Fishes. 

The  body  is  in  general  spindle-.shaped  and  more  or  less  compressed, 
but  in  details  presents  numerous  modifications.  There  are  cylindrical, 
snake-like  fishes  {Ijam'pre.ys)  as  well  as  fislies  with  a  spheiical,  balloon- 
like form  (Gymnodonta).  Others  are  elongated  and  band-shaped, 
and  othei's  again  are  very  short,  flat  and  unsymmetrical  (Pleuronectidai). 
Finally  a  dorsoventral  flattening  may  lead  to  a  flat  discoidal  iorm{2{ays). 

Locomotion  is  efiected  mainly  by  lateral  flexions  of  the  vertebral 
column,  which  are  caused  by  the  powerful  body  muscles.  The  effect 
of  these  movements  may  be  greatly  increased  by  the  unpau-ed  dorsal 
and  ventral  fins,  which  are  capable  of  bemg  elevated  and  depressed. 
The  two  pairs  of  extremities — ^the  pectoral  and  pelvic  fins — appear, 
on  the  contrary,  to  be  used  more  as  rudders  to  direct  the  course  of 


Fig.  583.— Per ca  Jlmiaiilis  (regne  animal). 

the  animal.  The  structure  of  the  vertebral  column,  which  is  not 
divided  into  many  regions,  corrresponds  to  the  mode  of  locomotion. 
The  head  is  directly  attached  to  the  trunk,  and  is  usually  rigidly 
connected  with  it.  A  moveable  cervical  region,  which  would  be  a 
hindrance  in  swimming,  is  completely  absent.  The  anterior  part  of 
the  body  is  rigid,  but  behind  it  becomes  more  flexible  and  passes 
gradually  into  the  the  tail,  the  vertebrre  of  which  permit  of  the  most 
complete  movements  on  one  another,  and  which  on  thac  account 
constitutes  the  principal  organ  of  locomotion. 

Fins.— The  system  of  unpaired  fins  is  developed  from  a  median 
cutaneous  fold  of  the  embryo,  extending  over  the  back  and  taU  as  fax 
as  the  anus.    Subsequently  this  fold  becomes  broken  up  into  parts,  th 
definite  unpaired  fins.  There  are  usually  three  such  parts,  constitutin 
the  dorsal  fin  (^;mwa  dorsalis),  the  caudal  fin  {pinna  caudalis),  and  an" 
fin  {pinna  analis)  (fig.  583).    These  ridges  of  skin  are  supported 
ix  rule  by  firm  rays— the  fin-rays ;  in  the  Teleosteans  either  by  hard, 
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bony,  pointed  spines — the  so-called  spine-rays  [AcanthojJteri) — or  by 
soft  jointed  rays  (^Malacopteri).  The  caudal  fin  is  as  a  rule  composed 
of  a  part  of  tlie  dorsal  aiid  a  part  of  the  ventral  fin-fold,  but  it  varies 
much  in  its  form.  When  the  dorsal  and  ventral  lobes  are  symmetrical 
the  caudal  fin  is  said  to  be  homocercal ;  when  the  ventral  lobe  is  the 
lai'ger,  in  which  case  the  caudal  part  of  the  vertebral  column  is  usually 
bent  dorsalwards,  the  caudal  fin  is  said  to  be  heterocercal.  It  some- 
times happens,  however,  that  while  the  caudal  fin  is  externally  homo- 
cei-cal  the  axial  skeleton  is  bent  dorsalwards  so  that  the  fin  is 
internally  heterocercal. 

The  paired  pectoral  and  pelvic  fins  correspond  to  the  anterior  and 
posterior  limbs  of  other  Vertebrates.  The  former  are  attached  to  the 
head  immediately  behind  the  gills  by  means  of  an  arched  shoulder- 
gii'dle,  while  the  two  pelvic  fins  are  approached  to  the  middle  line 
and  placed  further  back,  usually  on  the  abdomen  (ventral  tins)  ; 
sometimes,  however,  they  lie  between  the  pectoral  fins  (thoracic  fins), 
and  more  rarely  in  front  of  the  latter  on  the  thi-oat  (jugular  fins). 

The  integument  of  fishes  is  seldom  completely  naked  [Cydostomi). 
As  a  rule  scales — ossifications  of  dermal  papillte,  which  are  completely 
covered  by  epidermis— are  embedded  in  it.  The  scales  are  often 
so  small  that  they  are  hidden  beneath  the  skin  and  seem  to  be 
comp]  etely  absent  ( Eels) .  As  a  rule,  however,  they  are  present  as  firm, 
more  or  less  flexible  plates,  which  are  covered  with  a  number  of 
concentric  lines  and  radial  striations  and  lie  on  one  another  like 
slates  on  a  roof.  Scales  may  be  distinguished  according  to  the 
structure  of  their  free  edges  as  cycloid  scales  with  smooth  edges,  and 
ctenoid  scales  with  serrated  edges.  Scales,  which  overlap  but  little 
and  are  generally  rhomboidal,  more  rarely  cycloidal  in  shape,  and 
have  an  outer  layer  of  enamel,  are  called  ganoid  scales,  while  the 
term  placoid  scale  is  applied  to  the  small  bony  granules  (composed 
of  enamel  and  dentine)  of  difierent  shapes,  which  lend  to  the  surface 
of  the  skin  the  appearance  of  shagreen  (these  are  the  primitive  form 
of  teeth),  Agassiz  divided  the  Fishes  according  io  the  shape  of  their 
scales  into  Cycloids,  Ctenoids,  Ganoids,  and  Placoids. 

In  the  skin  there  are  peculiar  cutaneous  canals  communicating 
with  the  exterior  by  lateral  rows  of  pores.  These  are  called  the 
lateral^lines  and  were  considered  to  be  slime-secreting  glands  till 
Leydig*  discovered  that  they  contain  a  sense  organ. 

*  Compare  Leydig  "Ueber  das  Organ  eines  sechstcn  Sinnes."  Dresden,  1868 

Amnhibie^''     hW  /"^''-f'  Sinnesorgane  der  Soitenlinie  bei  Fischen  und 
Amphibian.     Areli.fur  miUrosh.  Anatomic,  Tom.  VT.,  1870. 
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In  the  Myxinoids  and  Acipeiiserida;  these  organs  liave  tlie  form  of 
sliort  sacs;  in  the  Rays,  Skates,  and  Chimjeras  they  are  simple  tube., 
Avhich  begin  as  ampullai  jind  extend  also  over  the  head  in  several 
rows.  In  the  Teleoslei  there  are  branching  tubes  which  pierce  the 
scales  of  the  lateral  lines  as  pores,  and  are  also  present  on  the  head  in 
several  rows  (fig.  683).  Nerves  run  in  the  walls  of  these  tubes  and 
end  in  knob-like  swellings.  The  epithelial  covering  of  the  latter 
contains  in  the  centre  short  piriform  cells,  which  at  the  free  end  are 
prolonged  into  a  fine  stiff  hair,  while  at  the  base  they  pass  into  a 
varicose  process — the  axis  cylinder  of  a  nerve  fibre  (fig.  584). 

The  skeleton  in  its  simplest  form  consists  only  of  the  notochoi-d 
{Aniphiox'iis).    The  notochord  also  persists  in  the  Myxinoids,  which 

possess  a  cartilagino-mem- 
branous  cranial  capsule. 
In  the  Petromyzontidoi* 
thei-e  appear  foi-  the  first 
time,  above  the  notochord, 
cartilaginous  neural  arches, 
and  similarly  beneath  it 
paii-ed  cartilaginous  bands. 
These  are  the  first  rudi- 
ments of  the  dorsal  and 
ventral  vertebral  arches. 
These  vertebral  arches  are 
more  perfect  in  sturgeons 
(^Acipenser),  and  in  the 
cats  {Chimcera),  in 
which  the  notochord  per- 
sists, surrounded  by  a  very  compact  connective-tissue  sheath.  A 
differentiation  of  the  axial  skeleton  into  separate  vertebrae  is  first 
found  in  the  Skates  and  Rays,  where  dorsal  and  ventral  arches 
are  united  with  annular  portions  of  the  notochoi'dal  sheath  which 
become  cartilaginous  vertebral  bodies.  The  notocliord  is  constricted 
by  the  growth  of  the  latter  in  the  centre  of  each  vertebi'a,  in  such  a 
manner  that  biconcave  (cimpliiccdoihs)  vertebral  bodies  are  formed, 


Pig.  584. — n,  Lateral  organ  in  the  tail  of  a  fisli  (roach) 
N,  nerve,    h,  lateral  organ  in  the  head  of  a  young  sea 
fish  (bream)  (after  F.  E.  Schulze). 


*  Compare  Job.  Miiller  l.c.,  Keichert,  '•  Ueber  die  Viscevalbogen  im 
Allgemeiuen,  etc."    3Iullcr's  Arcldr,  1837. 

A.  Kolliker,  "  Ueber  die  Beziehnugen  der  Chorda  dorsalis  zm  Bildung  der 
Wirbel  der  Bclachier  und  einiger  anderer  Fische."    Wiirzburg.  ISfifi. 

C.  Gegeubaur,  "  Ueber  die  Entwickehing  der  WirbeLsaiile  des  Lepidosteus  mit 
vergleichenden  anatomischen  Bemerkungen."  Ji  n.  naturwiasensch.  Zeitschr., 
Tom.  III. 
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the  conical  cavities  of  which  contain  a  part  of  the  remains  of  the 
notochord.  The  notochord  as  a  rule  persists  also  in  the  centre  of 
the  vertebral  body  as  a  thin  cord  (connecting  the  dilated  inter- 
vertebnxl  portions,  fig.  570  a).  In  the  bony  Ganoids  and  the 
Teleosteans  the  biconcave*  vertebral  bodies  are .  completely  ossified 
and  fuse  with  the  corresponding  upper  and  lower  bony  arches,  so  as  to 
form  a  complete  vertebra.  In  some  parts  of  the  trunk  ribs  are  attached 
to  the  pieces  of  the  ventral  ai-ches  (hasmapophyses)  which  here  diverge 
from  one  another;  and  there  are  often  in  addition  ossifications  of  the 
inter-muscular  ligaments. 

The  structure  of  the  skull  in  Fishes  presents  a  series  of  grades  of 
development  culminating  in  the  complicated  skuU  of  the  Teleostei. 
The  primordial  skull  of  the  Cydostomes  is  the  simplest.  It  consists 
of  a  cartUagino-membranous  cranial  capsule,  in  the  hard  basilar  part 


Fig.  535.— Cephalic  skeleton  of  the  Sturgecn  (after  Wiedersheim) .  Bo,  rostrum  ;  Cn,  nasal 
pit;  O,  orbit;  /Tm,  hyomandibular  ;  5,  sympleotic  ;  Pg,  palatoquadrate  ;  ilf.?,  lower  jaw 
Hy,  hyoid  bone ;  V,  foramen  for  the  vagus  ;  R,  ribs. 

of  which  the  notochord  ends.  Two  bony  capsules— lateral  appendages 
of  the  bony  basilar  region— enclose  the  auditory  organ,  while  two 
anterior  pieces  are  connected  vAfh.  the  complicated  apparatus  of  the 
facial  and  palatal  cartilages.  The  primordial  skuU  of  the  Selachians 
(fig.  571)  shows  a  further  advance  in  development.  It  has  the  form 
of  a  simple  cartilaginous  capsule  which  is  not  further  divided  into 
separate  pieces.  The  notochord  ends  in  its  base.  In  the  sturgeon 
(fig.  585),  there  are  bony  pieces  as  well  as  the  cartilaginous  cranial 
capsule.  These  consist  of  a  flat  basilar  bone— the  parasphenoid— and 
a  system  of  dermal  membrane  bones.  A  true  bony  cranial  invest- 
ment IS  first  developed  round  the  primordial  skull  of  the  Dipnoi.  In 
the  bony  skulls  of  the  Ganoidei  and  Teleostei  there  still  remain 
continuous  portions  of  the  piimordial  cartilaginous  cranium  (Pike 

*  In  the  germs  Lepidostmi.s  alone  is  there  an  anterior  articular  surface  on  the 
vertebral  bodies  ;  the  centra  being  convex  in  front  and  concave  behind. 
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and  Sahnuu).  TIio  remains  of  cartilage  are  retained  longest  in  tlae 
etlunoid  region  {Silurus,  Ci/prinus),  while  on  the  roof  and  base  of  the 
skull  all  remains  of  cartilage  are  replaced,  partly  by  membrane  bones 
and  partly  by  the  primarily  ossifying  occipitals  (basi-and  exoccipital) 
and  petrosals  (periotic)  as  well  as  by  the  alisphenoids. 

The  posterior  part  of  the  skull  is  connected  with  the  vertebral 
column  without  any  special  articulation  (except  in  the  Rays  and 

Os 


Fig.  586.— Cephalic  skeleton  of  Perco.  Jlumatilis  (r^gne  animal).  Of,  supraoccipital ;  Oex, 
eplotic ;  Far,  parietal ;  Sq,  squamosal  (pterotic) ;  Fr,  frontal ;  Frp,  postfi-ontal 
(sphenotic) ;  FrO,  prootic ;  Ah,  alisphenoid  ;  Fs,  parasphenoid  ;  Ethi,  median  ethmoid ; 
Mthl,  lateral  ethmoid  (prse-froutal) ;  Hm,  hyomandibular ;  S,  symplectic ;  Q,  quadrate ; 
Mtp,  metapterygoid ;  Enp,  endopterygoid ;  JEkp,  ectnpterygoid ;  Fal,  palatine;  To, 
vomer;  J^m,  intermaxillary  (premaxUlary) ;  Jkfo;,  maxillary;  D,  dentary  ;  ^r,  articulare  ; 
An,  angulare ;  Op,  operculum  ;  POp,  prae- operculum  ;  SOp,  sub-operculiun ;  JOp,  inter- 
operculum ;  Hy,  hyoid  arch  ;  Bm,  branchiostegal  rays ;  CI,  cla%'icle ;  Sc,  scapula  Cor, 
coracoid  ;  Ssc,  supraclavicle ;  Ac,  accessory  bone. 

Chimsera),  the  os  basilare  having  the  conical  depression  and  form  of 
a  vertebi-al  body.  Between  the  exoccipitals  (which  contain  the  fora- 
mina for  the  exit  of  the  vagus  and  glosso-pharyngeal  nerves)  and  the 
supra -occipital,  which  is  distinguished  by  a  strong  ridge,  an  epiotic 
bone  (occipitale  externum)  is  inserted  on  either  .side  (fig.  586,  Oex). 
Close  to  the  epiotic  bone  is  the  opisthotic  (Huxley),  which  varies 
greatly  in  size  and  foi-m  (being  very  large  in  Gadus  and  small  in 
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Esox),  and  the  prootic  {PrO),  which  surrounds  the  anterior  semi- 
cii-cular  canal  and  is  pierced  for  the  exit  of  the  trigeminal  nerve. 
There  is  also  an  external  bone,  the  squamosal  (pterotic)  {Sq),  to 
which  the  hyomandibular  is  articulated.  The  lower  surface  of  the 
cranial  capsule  is  covered  by  the  long  parasphenoid  {Ps).  The  lateral 
walls  of  the  skull  are  formed  by  two  pairs  of  wing-like  bones — 
the  orbitosphenoids  and  the  alisphenoids  (fig.  586).  Of  these  the 
alisphenoids  are  applied  to  the  sides  of  the  parasphenoid,  and  are 
almost  always  discernible  with  their  openings  for  the  exit  of  the 
optic  nerves  and  the  orbital  branch  of  the  trigeminal.  The  two 
orbitosphenoids  are  often  united  on  the  floor  of  the  skull  so  as  to 
form  a  median  bone,  which,  when  the  .cranial  cavity  is  reduced, 
may  be  represented  by  a  cartilaginous  or  membranous  septum. 

The  roof  of  the  skull  is  formed  of  bony  plates,  below  which 
remains  of  the  primordial  cartilaginous  cranium  are  only  rarely 
retained.  Close  in  front  of  the  occipital  are  two  parietal  bones 
(Par),  and  in  front  of  these  again  the  great  frontal  bone  (Pr),  on 
each  side  of  which  is  developed  a  post-frontal  (PrP),  which  reaches 
to  the  squamosal  (pterotic),  and  takes  part  in  the  articulation  with 
the  hyomandibular. 

In  the  ethmoid  region  there  is  in  the  prolongation  of  the  base  of 
the  cranium  an  unpaired  cartilage  or  bone, — the  median  or  unpaired 
ethmoid.  This  is  covered  ventrally  by  the  large  vomer,  which  is 
attached  to  the  parasphenoid.  There  are  also  two  paii'ed  lateral 
bones — the  lateral  ethmoids  or  prfefrontals — which  are  perforated  by 
the  olfactory  nerves  and  form  the  supports  of  the  nasal  pits 
(nasal  capsules).  There  are  finally  accessory  membrane  bones— the 
infra-orbital  and  supra-temporal — which  protect  the  cranial  (sensory) 
canals. 

A  true  maxillary  apparatus  appears  for  the  first  time  in  the 
Selachians  and  Sturgeons,  where  a  hyomandibular  attached  to  the 
auditory  region  serves  to  support  the  mandibular  and  hyoid  arches 
(figs.  571  E  and  585  Rm).  The  upper  part  of  the  mandibular  arch 
(the  palatoquadrate)  is  usually  moveably  attached  to  the  skull  by 
ligaments.  In  the  Teleostei  the  mandibular  suspensorium  is  divided 
into  several  parts,  and  the  branchial  operculum  is  attached  to  it. 
The  upper  part  is  formed  of  a  hyomandibular,  and  two  bones  called 
by  Cuvier  the  symplectic  and  tympanic  (metapterygoid) ;  the  pr^ 
operculimi  forms  the  middle  part,  and  finally  the  lower  part,  which 
bears  the  articulation  of  the  lower  jaw,  is  formed  by  the  quadrate  or 
quadrato-jugal.    The  flat  osseous  plates  applied  to  the  hinder  edge 
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of  the  pneoperculum  constitute  the  brunchiul  oijereulum,  and  are 
distinguished  as  operculum,  subopercuhim,  and  interopercukini.  A 
bone  extending  from  the  metapterygoid  and  quadrate  to  the  upper 
jaw  corresponds  to  the  pterygoid,  and  is,  as  a  rule,  formed  of  an 
external  (ectopterygoid)  and  an  internal  piece  (endopterygoid).  Then 
come  the  palatine  bone  and  the  apparatus  of  the  upper  jaw,  with 
the  prannaxilla  (interinaxilla),  which  is  placed  at  the  front  of  the 
snout  and  is  usually  moveable,  and  the  very  variable,  usually  tooth- 
less maxilla.  The  two  limbs  of  the  lower  jaw  are  only  rarely  fused 
together  in  the  middle  line,  and  are  divided  at  least  into  a  posterior 


Fig.  587.— Hyoid  apparatus  and  branchial  arches  of  Percajluviaiilu  (regue  animal).  Z/hyoid 
apparatus  ;  11— V,  branchial  arches;  a,  I;  c,  d,  joints  of  the  branchial  arches,  the  upper 
joints  (0;js)  are  the  superior  pharjnigeal  bones  (pharyngo-branchials) ;  VI,  {Opi)  the 
inferior  pharyngeal  bones  (reduced  5th  branchial) ;  Cop,  copula? ;  Sb,  branchiostegal 
rays. 

OS  articulare  and  an  anterior  dentary ;  there  may,  however,  also  be 
an  angulare  and  an  operculare. 

Behind  the  mandibular  arch  there  follows  a  system  of  equivalent 

arches  surrounding  the  pharyngeal  cavity.    Of  these  the  anterior  

the  hyoid  arch — bears  on  its  outer  edge  a  number  of  cartilaginous 
rods,  which  serve  to  support  the  opercular  membrane  and  are  called 
the  branchiostegal  rays  (fig.  587,  Eb),  while  the  remaining  arches  are 
the  branchial  arches  and  serve  for  the  support  of  the  branchial 
lamellae  (fig.  587).  In  the  Teleosteans  four  (seldom  three)  arches 
bear  gills,  while  the  posterior  arch  is  reduced  so  that  only  its  ventral 
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part  (ceratobranchial)  remains  and  foi-ms  the  so-called  inferior 
pharyngeal  bones  (pharyngealia  inferior  a).  The  upper  segments  of 
the  branchial  arches,  which  are  applied  to  the  base  of  the  skull,  are 
distinguished  as  the  superior  pharyngeal  bones  (pharyngobranchials 
or  pharyngealia  superiora). 

Paired  Fins.*  The  pectoral  fins  are  in  the  Teleosteans  attached  to 
the  skull  by  means  of  the  shoulder  girdle.  In  the  cartilaginous 
fishes  the  shoulder  girdle  is  a  simple  cartilaginous  arch,  which  unites 
with  that  of  the  other  side  in  the  middle  ventral  line.  In  the 
cartilaginous  Ganoids  the  shoulder-girdle  is  transitional  between  this 
primary  form  and  the  secondary  form,  which  is  characteristic  of  the 
Teleosteans  (fig.  586),  inasmuch  as  membrane  bones  (clavicle)  are 
applied  to  the  primary  cartilaginous  girdle.  Ossifications  also  arise 
m  the  cartilage  itself  and  give  rise  to  bones  known  as  the  scapula 
and  coracoid,  or  the  prsecoracoid. 

The  skeleton  of  the  fins,  which  is  articulated  to  the  shoulder- 
girdle,  can  be  derived  from  the  primitive  form  of  fin  known  as 
the  archipterygium,  which  still  persists  in  Ceratodus  as  an  axial  row 
of  cartilaginous  pieces  beset  with  jointed  lateral  rays  {radii). 

The  nervous  system  (fig.  588)  presents  the  lowest  and  simplest 
form  found  in  any  Vertebrate.  In  general  the  brain  is  small  and 
consists  of  several  swellings  lying  one  behind  another.  Of  these  the 
small  anterior,  as  the  lobi  olfactorii,  pass  into  the  olfactory  nerves. 
The  larger  anterior  lobes  correspond  to  the  hemispheres,  the  median 
globular  swellings  to  the  lobe  of  the  third  ventricle  with  the  corpora 
quadrigemina.  From  this  part  of  the  brain  the  optic  nerves  are 
given  ofi- anteriorly,  while  on  its  lower  surface  the  infundibulum,  to 
which  the  pituitary  body  is  attached,  arises  from  the  floor  of  the 
third  ventricle. 

The  posterior  region  corresponds  to  the  cerebellum  and  the  meduUa 
oblongata.  The  cerebellum,  which  varies  considerably  in  size  and 
form,  constitutes  a  transverse  bridge,  which  covers  the  anterior  part 
of  the  fourth  ventricle.  Lateral  swellings-the  so-called  lohi  pos- 
terwres~^re  often  developed  in  this  region ;  in  the  Sturgeons  and 
Squalidae_  at  the  origin  of  the  trigeminal  nerve,  as  the  lohi  nervi 
tr^gem^n^■  in  Torpedo  as  the  large  lohi  electrici,  projecting  over  the 
fourth  ventricle. 

A  separate  visceral  {sympathetic)  nervous  system  is  absent  in  the 
^a  oegenbaur,  "  Uebcr  das  Skelet  der  Giiedmassen."  Jen.  natnrrvus.  Zeitscn., 
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Cyclostomes  ]alone,  where  it  is  represented  by  the  vagus  and  by  fibres 
of  the  spinal  nerves.    The  spinal  cord,  the  mass  of  which  is  con- 


A 


Fig.  588. — Brain  and  anterior  part  of  the  spinal  cord  and  nerves  of  Sexanehus griteut  (after 
Gegenbaur).  The  nerves  are  dissected  out  on  the  right  side ;  the  right  eye  removed. 
A,  Anterior  cavity  of  the  skull ;  M,  nasal  capsule  ;  Vh,  fore-brain  (cerebral  hemispheres) ; 
Mk,  mid -brain  (optic  lobes);  Ce,  cerebellum;  Mo,  medulla  oblongata;  Bo,  olfp,ctory 
bulb  ;  tr,  trochlear  nerve  (fourth  nerve) ;  Tr' ,  first  (ophthalmic)  branch  of  the  trigeminal 
or  fifth;  a,  terminal  branches  of  the  same  in  the  ethmoid  region;  Tr",  second  branch ; 
Tr'",  third  branch ;  Fa,  facial  (seventh)  ;  Gp,  glossopharyngeal  (ninth) ;  Vg,  vagus 
(tenth)  ;  L,  lateral  branch  of  vagus  (to  lateral  line) ;  J,  intestinal  branch  ;  Os,  superior 
oblique  muscle  of  eye ;  Mi,  internal  rectus  muscle ;  Re,  external  rectus ;  Rs,  superior 
rectus;  S,  spiracle;  Pg,  palatoquadrate ;  Hm,  hyomandibular ;  E,  branchial  raysj 
I— VI,  branchial  arches  ;  Br,  branchia? ;  P,  spinal  nerves. 

siderably  greater  than  that  of  the  brain,  extends  tolerably  uniformly 
throughout  the  whole  length  of  the  neural  canal,  and  usually  does 
not  form  a  so-called  cauda  equina.    Rarely  its  upper  part  presents 
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paired  or  unpaired  swellings  {Trigla,  Orthayoriscus)  at  the  origin  of 
the  spinal  nerves. 

The  eyes  are  seldom  hidden  beneath  the  skin  and  the  muscles 
{Myxine,  Petromyzon,  Amhlyopsis).  In  Amphioxus  they  are  repre- 
sented by  a  pigment  spot  lying  directly  on  the  central  nervous 
system.  In  all  other  fishes  they  are  characterised  by  possessing 
a  flat  cornea  and  a  large,  almost  spherical  crystalline  lens,  the 
anterior  surface  of  which  projects  far  out  of  the  pupil  (fig.  .589).  As 
peculiar  structures  of  the  eyes  of  fishes  are  further  to  be  mentioned 
the  so-called  choroideal  gland — a  vascular  body  (rete  mirabile)  usually 
projecting  at  the  entrance  of  the  optic  nerve,  as  well  as  a  fold  of 
the  choroid  kno'RTi  as  the  processits  falciformis,  which  traverses  the 
retina,  and  the  campanula  Halleri  which  is  attached  to  the  lens. 

The  auditory  organ  *  (absent  only  in  Amphioxus)  consists  only  of 
the  labyrinth  (fig.  578,  /),  and  in  Teleosteans, 
Ganoids,  and  Chimcera  lies  partly  in  the  cranial 
cavity,  surrounded  by  fatty  tissue.  It  is  worthy 
of  notice  that  in  Gyprinoidce  Characince,  Siluridce, 
and  others,  the  labyrinth  is  connected  with  the 
swimming  bladder  by  a  chain  of  small  bones. 

The  olfactory  organ  in  AmjMoxus  consists  of 
a  simple  unsymmetrical  pit  at  the  anterior  end 
of  the  nervous  centre.     In   Cydostomes  also  it  Fig.  589.  -  Horizontal 

•  ,      c       •      ^    1    ^  -I         T  section  tlirouffh  the 

consists  ol  a  simple  tube,  with  an  unpaired  median  eye  of  Esox  lucius. 
opening.  All  other  fishes  possess  double,  and 
indeed  ^^r^t]l  the  exception  of  the  Dipnoi  blindly- 
closed  nasal  cavities,  the  internal  surface  of  which 
is  considerably  increased  by  folds  of  the  mucous 
membrane. 

The  sense  of  taste  seems  to  be  less  developed.  It  is  located  in 
the  buccal  cavity,  and  especially  in  the  richly  innervated  part  of  the 
soft  palate.  For  the  tactile  sense,  lips  and  their  appendages — the 
frequently  appearing  barbules— probably  serve.  Certain  isolated 
rays  of  the  ventral  fin  may  also,  on  account  of  their  rich  nerve 
supply,  be  regarded  as  tactile  organs  {Trigla).  The  nervous  organs 
of  the  so-called  mucous  canals,  which  we  have  before  mentioned, 
constitute  an  organ  of  a  special  sense. 


Co,  cornea ;  L,  lenp; 
P/,  processus  falci- 
formis ;  CH,  cam- 
panula Halleri ;  No, 
optic  nerve  ;  Se, 
ossifications  of  the 
sclerotic. 


*  Compare  E.  H.  Weber,  "  De  aure  et  auditu  hominis  et  animalium."  P.  I., 
De  aure  ammalium  aquatilium."    Lipsife,  1820. 


C.  Hasse,  "Anatomische  Studien.' 
Leipzig,  1872. 


Heft  3  :  "  Das  Gehororgan  der  Fische." 
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Tlie  electrical  organs*  may  bo  mentioned  us  a  peripheral  appendage 
of  the  nervous  system  {Torpedo,  Gynmotus,  Malajdarurua,  Mor- 
miji'us).  They  are  nervous  apparatuses  which  in  the  arrangement  of 
their  parts  may  be  compared  to  a  Voltaic  pile.  They  develop  elec- 
tricity, and  give  electrical  discharges  when  their  opposite  poles  are 


Fig.  590.— Torpedo  with  electric  organ  dissected  out  (EO)  (after  Gegenbaui').  On  the  right 
side  the  dorsal  surface  only  of  the  organ  is  exposed ;  on  the  left  side  the  nerves  which 
go  to  it  are  shown.  Le,  electric  lobe ;  Tr,  trigeminal  nerve ;  V,  vagus  nerve ;  O,  eye ;  Sr, 
gills  ;  on  the  left  the  individual  branchial  sacs  ;  on  the  right  the  latter  are  shown  covered 
with  a  common  muscular  layer.    &r,  Gelatinous  tubes  of  the  skin  (sense  canals). 

connected.    In  Torpedo  these  oi-gans  are  situated  (fig.  590)  between 

*  Compare  Savi,  "  Recherches  anatomiques  sui"  le  systems  nerveux  et  sur 
I'organe  electrique  de  la  torpille."    Paris,  1844. 

Bilharz,  "Das  elektrische  Organ  des  Zitterwelses."  Leipzig,  1857. 
•  Max  Schultze,  "  Zur  Kenntniss  des  elektrisohen  Organs  der  Fische."    1,  2. 
Halle,  1858  and  1859. 

Max  Schultze,  "Zur  Kenntniss  des  den  elektriscben  Organen  verwandten 
Schwanzorgancs  von  Raja  clavata."   MiiUcr's  Archiv,  1858. 

Sachs,  "  Untersuchungen  am  Zittcraal."    Leipzig,  1881. 
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the  branchial  pouclies  and  the  anterior  cartilages  of  the  pectoral 
fins,  and  consist  of  a  number  of  perpendicular  columns  enclosed  by 
Avails  of  connective  tissue.  The  columns  are  divided  by  a  great 
number  of  membranous  transverse  partitions  into  a  series  of  com- 
partments placed  one  above  another.  Each  of  the  latter  contains  a 
layer  of  gelatinous  tissue,  and  a  finely  granular  plate  containing 
nerve  endings  and  large  nuclei  [electrical  plate).  The  latter  corre- 
sponds in  a  certain  degree  to  the  copper  and  zinc  elements  of  the 
Voltaic  pile,  the  former  to  the  moist  intermediate  layers ;  while  the 
connective  tissue  framework  seems  to  serve  only  to  carry  the  nerves 
and  blood-vessels.  Each  transverse  partition  contains  a  rich  network 
of  nerves,  which  is  distributed  on  the  electrical  plates.  The  face  on 
which  the  nerves  ramify  is  the  same  in  vail  the  columns  of  the  same 


Fig.  591.— Alimentary  canal  and  generative  organs  of  Clupea  Harengus  (after  Brandt)  Sr 
gills;  Oe,  oesophagus;  V,  stomach;  Ap,  pyloric  appendages;  B,  intestine  -  A,  anus' 
Vn,  swimming  bladder;  Bp,  pneumatic  duct;  S,  spleen;  T,  testis;  FcZ, vas  deferens ^ 
Gp,  genital  pore.  ' 


organ,  and  is  always  electro-negative,  the  opposite  free  surface 
being  positive.  In  Malapterurus,  the  other  surface  of  the  plate  (the 
posterior  surface)  on  which  the  nerves  enter  is  electro -positive,  but 
this  apparent  exception  is  explained  by  the  fact  that  the  nerves  pass 
through  the  plate  and  are  distributed  on  the  anterior  surface,  which 
is  electro-negative.  In  the  electric  Eel  {G7jm7iotus  electricus)  the 
electric  organ  hes  at  the  side  of  the  tail  and  consists  of  long  horizon- 
tal columns;  in  Mala^yterurus  it  lies  along  the  body  beneath  the  skin. 
SimHar  organs  in  Mormyrus^ve  di.stinguished  as  pseudelectric  organs,' 
since  although  they  have  a  similar  structure,  they  give  rise  to  no 
electric  phenomena. 

The  digestive  organs  vary  much  in  structure.  The  mouth,  which 
IS  placed  at  the  anterior  end  of  the  head,  usually  has  the  form  of  a 
transverse  slit,  and  can  sometimes  be  extended  forward  by  means  of 
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the  moveable  supporting  hones  of  the  upper  and  lower  jaws 
{Labroidea).  The  buccal  cavity  is  distinguished  by  its  width,  and 
by  the  great  number  of  teeth  it  contains,  which  are  developed  from 
the  papilljB  of  the  mucous  membrane  by  dentinal  ossification.  There 
are  often  two  curved  parallel  rows  of  teeth  on  the  upper  jaw ;  an 
outer  row  on  the  premaxilla,  and  an  inner  row  on  the  palatine,  and 
there  may  also  be  a  median  unpaired  row  on  the  vomer.  On  the 
lower  jaw  there  is  only  one  curved  row  of  teeth.  There  may  also  be 
teeth  on  the  hyoid  arch  and  on  the  upper  jaw  (maxillai)  and  para- 
sphenoid,  and,  as  a  rule,  on  the  branchial  arches  also,  especially  on 
the  upper  and  lower  pharyngeal  bones.  The  teeth  are  distinguished 
accoi'ding  to  their  shape  into  pointed  conical  prehensile  teeth  and 
grinding  teeth. 

A  small,  hardly  moveable  tongue  is  developed  on  the  floor  of  the 

buccal  cavity,  and  the 
lateral  walls  of  the 
pharynx  are  pierced 
by  the  gill  slits.  Fol- 
lo\^ing  the  pharyn- 
geal cavity,  there  is  a 
usually  short,  funnel- 

FiG.  592.— Diagrammatic  longitudinal  section  through  the  ^•'^^^P®'-^  CLSOpha^US,  and 
head  of  a  larva  of  Pefromyzon  (after  Balfour).  N,  nervous  a  large  Stomach,  which 
system  ;  CA,  notochord  ;  Oi,  auditory  vesicle  (represented  •  fvp^npn^-l■^r  rivawn 
as  visible)  ;  O,  mouth ;  Fe,  velum;  5,  thyroid  involution;  liCLiueiiuij  ui<ivvn 

Ka,   branchial  pouches;    C,  heart;   Ah,  optic  vesicle;  out    into  a  caecum  of 

o^,  olfactory  pit.  considerable  size  (fig 

591).  Csecal  appendages  [pyloric  apjyendages)  are  not  unfrequently 
met  with  at  the  entrance  to  the  longer  mid-gut  (small  intestine) 
which  is  marked  ofi"  by  a  valve  ;  they  probably  serve  the  purpose  of 
increasing  the  extent  of  the  secreting  surface  of  the  alimentary  canal. 
The  intestine  is  usually  several  times  coiled,  and  its  internal  surface 
is  remarkable  for  the  longitudinal  folds  of  the  mucous  mem- 
brane ;  villi  such  as  are  found  in  the  higher  Vertebrates  are  only  rarely 
present ;  but  in  the  Selachians,  Ganoids,  and  Dipnoi  there  is  a  peculiar 
spirally -coiled  longitudinal  fold — the  so-called  spiral  valve — which 
contributes  essentially  to  the  enlargement  of  the  absorbent  surfaces. 
A  rectum  is  not  always  clearly  marked  ofi',  and  when  present  is 
always  short,  and  in  the  Selachians  it  is  furnished  with  a  cfecal 
appendage.  The  anus  is  iTSually  situated  far  back,  and  is  always 
ventral  and  in  front  of  the  urinary  and  generative  openings.  In 
fishes  with  jugular  fins,  and  in  some  Teleosteans  without  ventral 
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tins,  it  is  situated  veiy  far  foi-ward,  and  may  even  be  on  the 
throat. 

Sahvary  glands  are  absent  in  Fishes,  but  there  is  a  large  liver 
which  is  rich  in  fat  and  is  usually  provided  with  a  gall-bladder; 
there  is  also  usually  a  pancreas,  which  is  by  no  means  replaced  by  the 
pyloric  appendages  as  was  formerly  believed. 

In  many  fishes  the  swimming  bladder,  an  organ  which  by  its  mode 
of  origin  corresponds  to  the  lungs,  is  developed  as  a  diverticulvun  of 
the  ahmentary  canal.  It  is  almost  always  an  unpaired  sac  filled 
wdth  air  and  placed  on  the  ventral  side  of  the  vertebral  column, 
dorsal  to  the  alimentary  canal :  it  is  sometimes  closed  and  sometimes 


Fig.  593.— Horizontal  section  through  the  branchial  cavity  showing  the  roof,   a,  of  one  of 
the  Squalid(B,  b,  of  a  Teleostean,  (altered  from  Gegenbaur).    Wal,  nasal  aperture  ■  Md 
mandible ;  Zbg,  hyoid  arch ;  Kb,  branchial  arches  ;  Oe,  oesophagus ;  Spl,  spiracle ;  £r', 
gills ;  Sp,  gill  slits  ;  Se,  septa  of  branchial  pouches  ;  Psb,  pseudobranch  of  the  branchial 
operculum  (hyoid  pseudobranch) ;  Op,  operculum. 

communicates  by  an  air  tube— the  pneumatic  duct— with  the 
interior  of  the  alimentary  canal  {Fh?/sostomi)  (fig.  591  Vn).  Its  walls 
are  formed  of  an  external  elastic  membrane  which  is  sometimes 
invested  with  muscles,  and  an  internal  mucous  membrane.  Glandular 
structm-es  are  sometimes  present  in  the  internal  coat,  and  these 
may  exert  aa  influence  on  the  enclosed  air.  The  internal  surface  is 
usually  smooth,  but  sometimes  is  provided  with  reticulated  pro- 
jections which  lead  to  the  origin  of  cellular  cavities  (Ganoidei). 
Physiologicahy  the  swimming  bladder  is  a  hydrostatic  apparatus, 
the  function  of  which  seems  to  consist  essentiaUy  in  rendering  the 
specific  weight  of  the  fish  variable,  and  in  facihtating  the  rapid  change 
m  the  position  of  the  centre  of  gravity.    The  fact  that  many  fishes 
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which  swim  very  well  are  without  the  swimming  bladder  is  l)y  no 
means  favourable  to  the  interpretation  of  its  function.  When  it  is 
present  the  fish  must  have  the  power  of  compressing  it,  partly  by  tlie 
muscles  in  its  walls  and  partly  by  the  muscles  of  the  body,  and  thus 
rendering  the  body  specifically  heavier  so  that  it  sinks.  When  the 
compi-ession  of  the  muscles  is  removed  the  compressed  air  will  again 
expand,  the  specific  gravity  diminish  and  the  fish  mil  rise.  If  the 
pressure  is  unequal  on  the  anterior  and  posterior  parts  then  that 
half  of  the  fish  which  is  rendered  specifically  heavier  will  sink. 
Still  more  complicated  relations,  however,  seem  to  exist  according  to 
the  investigations  of  Bergmann,* 

Respiration  is  in  all  cases  effected  by  gills. 

In  the  Cyclostomes  (fig.  592)  which  have  no  visceral  arches  there 

ai'e  six  or  seven  pairs  of  branchial 
pouches.  These  open  into  the  oeso- 
phagus either  by  internal  branchial 
passages  or  [Petromyzon)  by  a  com- 
mon canal  Avhich  I'eceives  all  the 
branchial  passages.  The  water  is 
expelled  through  external  branchial 
passages  round  which  a  network  of 
cartilaginous  rods  is  developed. 

In  the  Plagiosfomes  (fig.  593  a) 
there  are  saccular  spaces  the  walls 
of  which  are  supported  by  car- 
tilaginous rods.  These  branchial 
sacs  communicate  mth  the  exterior 
by  laterj^l  openings  and  contain  the 
branchial  leaflets  which  are  attached  to  their  walls :  they  are  separated 
frotti  one  another  by  partition  walls  which  are  placed  between  the 
two  TOWS  of  leaflets  of  each  arch,  and  they  are  supported  by  an 
external  framework  of  cartilaginous  rods.  In  the  Selachians  there 
are,  as  a.  rule,  five  pairs  of  branchial  sacs,  of  which  the  last  has  a  row 
of  leaflets  on  its  anterior  wall  only,  i.e.,  on  the  posterior  side  of  the 
fourth  true  branchial  arch ;  while  the  first  pouch  has,  in  addition 
to  the  anterior  gill  of  the  first  branchial  arch,  a  gill  on  the 
hyoid  arch  corresponding  to  the  accessory  giU  of  Chima'ra  and  the 
Ganoidei.     The   mandibular   arch,    however,   sometimes   bears  a 


Fig.  594. — Head  of  Anahas  scandens 
(regale  animal).  The  operculum 
has  been  removed  to  shew  the 
spacious  upper  pharyngeal  bones 
(pharyngo-branchials). 


*  Compare  Bergmann  and  Leuckart,  "Anat.  Thys.  Uebersicht  des  Thier- 
reichs."    Stuttgart,  1852. 
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remnant  of  a  gill — the  pseudobranch  of  the  spiracle — the  vessels  of 
which  belong  to  the  arterial  cu-culation  and  form  a  rate  mirabile. 

In  the  Teleosteans  (fig.  593  &)  and  the  Ganoids  the  lancet-shaped 
lamellae  are  arranged  in  double  rows 
on  the  four  visceral  arches  which  func- 
tion as  branchial  arches,  and  they  form 
four  comb-shaped  gills  on  either  side. 
These  gills  lie  in  a  spacious  branchial 
cavity  covered  by  the  branchial  oper- 
culum and  the  branchial  membrane. 
There  is,  however,  an  accessory  gill  on 
the  inner  side  of  the  branchial  oper- 
culum ;  this  in  many  Ganoids  and 
Chimasra  functions  as  a  gill,  but  in 

the  Teleosteans  has  lost  its  respiratory 

function,  and  is  then  known  as  the 

pseudobranch  of  the  operculum  or  of 

the  hyoid  arch. 

External  gills  projecting  from  the 

slits  of  the  branchial  pouches  are  found 

only  in  the  embryos  of  the  Plagiostomes. 

Rudiments  of  external  gills  are  found 

in  Rhinocryptis  annectens. 

Finally  the  secondary  cavities,  which 

are  sometimes  found  annexed  to  the 

branchial  cavity  and  increase  the  re- 
spiratory surfaces  by  the  development 

of  a  capUlary  network,  must  be  regarded 

as  accessory  organs  of  respiration.  They 

consist  either  of  labyrinthine  cavities 

in  the  superior  pharyngeal  bones  (fig. 

594)  or  of  saccular  appendages  of  the 

branchial  cavity  {Saccohranchus,  Am- 

pTiipnous).    True  lungs  derived  from 

the  swimming  bladder,  with  internal 

cellular  spaces,  a  short  air-tube  and 

glottis-like  opening  into  the  pharynx, 

are  only  found  in  the  Dipnoi  (according 

to  Hyrtl  the  swimming  bladder  of  Qymnarchus  is  also  a  lung) 
^  Vascular  system.-The  blood  is  generaUy  red;  it  is  white  only 
in  AmpUoxus  and  the  LeptocepliaXidcB ;  it  circulates  in  a  closed 
VOL.  n. 


Fig.  595.— Diagram  of  the  circulation 
of  aTeleostean.  V,  ventricle  ;  Ba, 
bulbus  arteriosus  with  the  arterial 
arches  which  carry  the  blood  to 
the  giUs ;  Ah,  arterial  arches ;  Ao, 
aorta  descendens  into  which  the 
epibranchial  arteries  passing  out 
from  the  gills  unite  ;  N,  kidneys  ; 
D,  intestine;  Lk,  portal  circulation.' 
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vascular  system,  in  which,  except  in  Amphioxus,  a  muscular  pulsating 
region  or  lieart  is  present.  The  heart  (lig.  595)  is  phiced  far  forward 
on  the  throat,  ventral  to  the  branchial  framework,  and  is  enclosed 
in  a  pericardium,  the  cavity  of  which  communicates  with  the  body 
cavity  in  some  Plagiostomes,  Ghimoira,  Acipemer,  etc.  It  is  a  simple 
venous  branchial  heart,  and  is  composed  of  a  thin-walled  large 
auricle  and  a  very  powerful  muscular  ventricle.  The  auricle  receives 
the  venous  blood  retui'ning  from  the  body,  and  the  ventricle  forces  it 
thi-ough  an  ascending  aorta  to  the  respiratory  organs.  The  aorta 
begins  with  a  bulbous  swelling  {bulbus  arteriosus),  which  in  the 
Ganoids,  Plagiostomes,  and  Dipnoi  is  replaced  by  an  independently 
pulsating  part  of  the  heart  with  rows  of  semi-lunar  valves  {conus 
arteriosus).  While  the  fishes  with  a  simple  non-muscular  bulbus 
arteriosus  have  but  two  semi-lunar  valves  at  its  origin,  the  above 
mentioned  orders  usually  have  two  to  four,  or  rarely  five  rows  of 
three,  four  or  more  valves  each  in  the  conus  artei-iosus.  The  aorta 
at  once  divides  into  a  number  of  paired  vascular  arches  corresponding 
to  the  embryonic  aortic  arches.  These  are  the  branchial  arteries ; 
they  pass  into  the  branchial  arches  and  give  off"  branches  to  form  the 
capillary  networks  of  the  gills.  From  the  capillary  networks  small 
vessels  pass  out  which  unite  to  form  a  larger  branchial  vein  in  each 
branchial  arch  (epibranchial  artery).  The  arrangement  of  these 
veins  corresponds  to  that  of  the  branchial  arteries ;  they  unite  to 
form  the  large  aorta  descendens  or  dorsal  aorta.  Before  they  unite 
the  cephalic  arteries  pass  off"  from  the  epibranchial  arteries  of  the 
anterior  arch.  The  arrangement  of  the  principal  venous  trunks  in 
fishes  is  most  nearly  related  to  the  embryonic  condition.  Correspond- 
ing to  the  four  cardinal  veins  of  the  embryo,  two  anterior  and  two 
posterior  vertebral  *  veins  (jugular  and  cardinal  veins)  bring  back 
the  blood  from  the  anterior  and  posterior  part  of  the  body  re 
spectively.  These  veins  unite  on  each  side  to  form  two  transverse 
veins — the  ductus  Cuvieri — which  enter  the  simis  venosus  of  the 
heart.  The  course  of  the  returning  venous  blood  is  complicated  by 
the  insertion  of  a  double  portal  circulation.  The  caudal  vein  passes 
directly  into  the  posterior  cardinal  veins  only  in  Cyclostomes  and 
Selachians :  in  all  other  fishes  there  is  a  renal-portal  circulation,  in 
that  the  caudal  vein  breaks  up  into  capillaries  in  the  kidneys,  from 
which  the  blood  passes  into  the  posterior  cardinal  veins.  For  the 
hepatic  portal  circulation  on  the  other  hand  the  venous  blood  of  the 

*  Often  called  the  anterior  and  posterior  cardinal  veins. 
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intestine  is  ws^ed ;  tliis  blood  after  passing  through  the  capillaries  of 
the  liver  is  returned  to  the  heart  by  one  or  more  veins  which  cor- 
respond to  the  inferior  vena  cava  and  open  into  the  sinus  venosus 
between  the  two  ductus  Cuvieri.  Such  capillary  systems  must  be  a 
considerable  hindrance  to  the  circulation  of  the  blood  and  explain 
the  development  of  the  so-called  accessory  hearts  on  the  caudal  vein 
of  the  eel  and  on  the  portal  vein  of  Myxine. 

The  urinary  organs  of  Fishes  (fig.  596)  consist  of  paired  kidneys 
extending  along  the  backbone  from  the  head 
to  the  end  of  the  body  cavity,  and  giving  off 
two  ureters  which  unite  into  a  common  duct 
on  which  a  bladder  is  usually  developed.  The 
urinary  bladder  and  its  duct  always  lie  be- 
hind the  intestinal  canal.    In  most  Teleo- 
steans  the  efferent  duct  of  the  bladder  opens 
by  a  common  orifice  with  the  sexual  opening, 
or  on  a  special  papilla  behind  the  sexual 
opening.    In  the  Plagiostomes  and  Dipnoi 
on  the  other  hand  a  cloaca  is  developed ;  in 
the  former  the  ureters  and  the  generative 
ducts  open  into  the  dilated  terminal  part  of 
the  intestine— i.e.,  the  cloaca— behind  the 
rectum ;  whde  in  the  latter  the  ureters  open 
into  the  cloaca  separately  on  each  side. 

Generative  organs.— Excepting  in  certain 
forms,  such  as  Serranus  and  Chrysophrijs, 
which  are  hermaphrodite  (also  some  carps). 
Fishes  are  of  separate  sexes ;  the  two  sexes 
often  present  more  {Maoropoclus)  or  l...^'faJ%^uZ^^^^^ 
{I%nca,  Gohitis)  considerable  sexual  differ-  ^^^-^5  J/^,  ureter;  Fe,  bladder- 
ences.  The  male  and  female  reproductive  L\  rSZi„?i>.tS 
organs  (fig.  591)  often  resemble  one  another  ^'^"^^^J  f«,  subclavian  vein, 
so  closely  in  form  and  position  that  it  is  necessary  to  investigate  their 
contents  in  order  to  distinguish  the  sex,  especially  as  external  sexual 
differences  are  frequently  absent. 

The  ovaries  are  paired  (in  th^  Myxinoids  Squcdidc,,  and  certain 
Teleosteans,  as  Perca,  BUnnius,  Gohitis,  they  are  unpaii-ed)  elongated 
sacs,  which  he  ventral  to  the  kidneys  at  the  sides  of  the  intestine  and 
the  hver.  The  ova  originate  on  the  internal  transversely  folded 
walls  of  the  ovaries  in  closed  follicles  in  which  they  receive  a  thick 
egg-capsule  (with  pores  and  micropyle),  and  escape  thence  into  the 
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cavity  of  the  sac  which  becomes  greatly  swollen  at  the  breeding 
time.  The  testes  ou  the  other  hand  are,  except  in  the  Cydoslomes, 
paired,  and  they  are  composed  of  transvei-.se  canals  or  vesicular 
cavities. 

In  the  simplest  case  the  testes  and  ovaries  have  no  special  ducts, 
but  the  genital  products  are  dehisced  from  the  wall  of  the  gland 
into  the  body  cavity,  whence  they  pass  out  to  the  exterior  tlirough  a 
genital  pore  situated  behind  the  anus  (in  Cyclostomes,  Eels,  and 
female  Salmon).  As  a  rule,  however,  generative  ducts  are  present ; 
they  may  either  be  direct  prolongations  of  the  genital  glands  as  in  the 
Teleosteans,  or  as  in  the  Ganoids,  female  Plagiostomes  and  Dipnoi 
independent  canals  which  begin  with  a  free  funnel-shaped  opening 
into  the  body  cavity  (Miillerian  ducts).  In  the  Teleosteans  the  two 
oviducts  as  well  as  the  vasa  deferentia  unite  to  foi-m  an  unpaired 
duct  which  opens  to  the  exterior  on  the  urogenital  papilla  between  the 
openings  of  the  anus  and  the  urinary  duct ;  in  the  Ganoids,  on  the 
other  hand,  as  well  as  in  the  Plagiostomes  and  the  Dipnoi  a  common 
cloaca  is  formed.  Accessory  external  copulatoiy  organs  are  only 
found  in  the  male  Plagiostomes,  in  the  form  of  long  grooved 
cartilaginous  appendages  of  the  ventral  fins. 

Most  fishes  are  oviparous ;  only  a  few  Teleosteans,  as  Anableps, 
Zoarces,  the  Cyprinodonta,  etc.,  and  a  great  number  of  the  Sharks, 
bear  living  offspring,  which  for  the  most  part  undergo  their  embryonic 
development  in  a  dilated  part  of  the  oviduct  which  serves  as  a  uterus. 
Reproduction  usually  takes  place  only  once  in  the  year,  most  fre- 
quently in  spring,  more  rarely  in  the  summer,  and  exceptionally,  as 
in  many  of  the  Salmonidce,  in  winter.  Many  fishes,  especially  the 
males,  undergo  changes  of  colour  and  develop  growths  of  skin  at  the 
spawning  time.  The  two  sexes  often  assemble  in  great  shoals  and 
seek  out  shallow  places  near  the  banks  of  rivers  or  near  the  sea  coast 
(Heriings)  for  spawning.  Some  make  more  extended  migrations 
and  pass  in  great  shoals  over  great  distances  along  the  sea  coast 
(Tunny-Fish).  Others  leave  the  sea  and  pass  up  the  mouths  of 
rivers,  and  overcoming  gi'eat  obstacles  (Salmon  leaps)  make  their  way 
up  into  the  smaller  streams  in  which  they  deposit  then-  spawn  in 
sheltered  places  where  the  food  is  plentiful  (Salmon,  Sturgeon,  etc.). 
The  Eels  on  the  other  hand  migrate  from  the  rivers  into  the  sea,  and 
in  the  following  spring  the  young  Eels  enter  the  freshwater  by 
millions  and  pass  up  the  stream.  The  spawn  is  as  a  rule  fertilized  in 
the  water,  and  thus  artificial  fertilization  and  pisciculture  is  rendered 
possible.    In  the  viviparous  fish,  and  in  the  Rays,  Chimcera,  and 
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Dog-fishes,  which  lay  large  eggs  enclosed  in  a  horny  shell,  a  true 
copulation  and  an  internal  fertilization  of  the  egg  takes  place.  It  is 
worthy  of  note  that  in  a  few  exceptional  cases  the  male  undertakes 
the  chai'ge  of  the  brood  {^Ilippocavipus,  Cottus,  Gasterosteus). 

The  embryonic  development  of  the  fishes  is  principally  dis- 
tinguished from  that  of  the  highei-  Vertebrates  by  the  fact  that 
neither  amnion  nor  allantois  are  developed.  Both  the  small  eggs  of 
the  Teleosteans,  which  are  provided  with  a  micropyle,  and  the  large 
eggs  of  the  Plagiostomes,  which  are  surrounded  by  a  hard  horny 
case,  contain  a  large  quantity  of  food  yolk,  and  undergo  a  partial 
segmentation.  The  eggs  of  Amphioxus  and  of  the  Cyclostomes, 
however,  undergo  a  total  segmentation.  As  a  rule  the  young  fishes 
leave  the  egg-membranes  tolerably  early,  with  more  or  less  distinct 
remains  of  the  yolk-sac,  which  is  by  this  time  completely  taken  up 
into  the  interior  of  the  body,  but  projects  externally,  like  a  hernia. 
Although  the  body-form  of  the  just-hatched  fish  diflfers  essentially 
from  that  of  the  adult  animal,  yet  no  true^  metamorphosis  takes  place 
save  in  a  few  exceptional  cases. 

Most  fishes  live  in  the  sea,  and  the  number  of  their  species  and 
genera  increases  as  we  approach  the  equator.  But  they  are  not  all 
exclusively  confined  to  fresh  or  salt  water.  Many,  as  the  Plagio- 
stomes, live  almost  entirely  in  the  sea ;  others,  as  the  Gyprinoidei 
and  Esocidce,  are  confined  to  fresh  Avater,  but  there  are  also  fish 
which  periodically  change  their  habitat,  especially  at  spawning  time. 
Some  fish  Hve  in  subterranean  waters  and  are  blind  like  the 
inhabitants  of  caves  {Amhlyo2)sis  spelceus).  Pew  fish  are  able  to 
live  any  length  of  time  out  of  water ;  as  a  rule  the  wider  the  gill- 
slits,  the  quicker  does  the  fish  die  on  dry  land.  Fishes  with  narrow 
gUl-slits  (Eels)  possess  an  uncommon  tenacity  of  life  out  of 
water.  According  to  Hancock,  a  species  of  Doras  migrates  in  great 
shoals  over  the  surface  of  the  ground  from  one  piece  of  water  to 
another.  Except  the  Dipnoi,  certain  East  Indian  fresh-water  fish, 
whose  upper  pharyngeal  bones  are  hollowed  out  into  the  form  of  a 
labryinth  and  form  a  multicellular  reservoir  for  water,  are  capable 
of  Kving  the  longest  time  out  of  water  {Anahas  scandens).  There 
are  even  fishes  which  can  fly  {JSxoccetus,  Dactylopterus). 

Fishes  are  of  great  importance  to  our  knowledge  of  the  develop- 
ment of  animal  life  on  the  earth  owing  to  the  frequent  appearance  of 
their  fossil  remains  in  all  geological  periods.    In  the  palfeozoic 
formations  very  singular  fish-forms,  as  the  Gephalaspidm  {Cepalaspis 
Goccosteus,  Pterichthys),  constitute  the  oldest  representatives  of  the 
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Vertebrata.  From  the  pala30zoic  formations  to  the  chalk  we  find 
almost  exclusively  cartilaginous  fishes  and  Ganoids,  amongst  wliidi 
the  forms  with  persistent  notochord  and  cartilaginous  skull  pre- 
dominate. Ganoids,  with  a  fully-developed  bony  skeleton,  round 
scales  and  an  externally  homocercal  caudal  fin,  appear  for  the  first 
time  in  the  Jura,  where  we  also  find  the  first  Teleosteans.  Fi  om 
the  chalk  onwards,  in  the  more  recent  formations,  the  Teleo.steans 
increase  in  number  and  variety  of  fortns  the  neai'cr  we  approach  to 
the  fauna  of  the  present  time. 

Order  1, — Leptocardii*  (Aceania). 

Lanceolate  Fishes  without  paired  fins.  The  notochord  is  persistent  ; 
there  is  no  shull-cajysule.  The  blood  is  colourless,  and  there  are 
pidsating  vascular  trunks. 

The  body  of  Am2Jhioxus  (which  was  taken  by  Pallas  for  a  slug)  is 
about  two  inches  long.  It  is  shaped  like  a  lancet,  and  is  provided 
with  dorsal  and  anal  fin-like  folds,  which,  however,  are  without  rays, 
and  are  continued  into  the  lancet-shaped  caudal  fin.  In  the  place 
of  the  vertebral  column  the  strong  notochord  persists ;  on  the  dorsal 
side  of  this  is  the  spinal  cord,  the  slightly  swollen  anterior  extremity 
of  which  represents  the  rudiment  of  the  brain.  There  is  no  capsule 
corresponding  to  the  skull.  There  is  a  rudimentary  eye,  consisting  of 
an  unpaired  pigment  spot,  situated  at  the  anterior  end  of  the  central 
nervous  system  in  the  nervous  tissue ;  also  a  small  olfactory  pit 
placed  on  the  left  side.    There  is  no  auditoiy  organ. 

The  mouth,  which  is  without  jaws,  is  a  long  slit  fupported  by  a 
jointed  horse-shoe-shaped  cartilage,  bearing  ciliated  cirri.  It  leads 
into  a  long  and  spacious  sac  (pharynx),  which  is  pierced  by  a  number  of 
lateral  slits,  and  serves  the  function  of  respiration.  At  the  entrance 
of  the  pharynx  there  are  two  folds,  and  on  either  side  three  finger- 
shaped  ciliated  projections.    The  walls  on  each  side  are  supported  by 

*  Job.  Mliller,  "  Ueber  den  Bau  und  die  Lebenserscheinungen  des  Brau- 
chiostoma  lubricum  (Amphioxus  lanceolatus). "  Ahhandl.  der  BerUm-r  Akad., 
1842. 

Kowalevski,  "  Entwickelungsgeschichte  von  Amphioxus  lanceolatus."  St. 
Petersburg,  1867. 

Kowalevski,  "  Weitere  Studien,  etc."    Arch,  filr  in ikr.  Anatomic,  Tom,  XllV. 

W.  Kolph,  "  Untersuchnngen  iiber  den  Bau  des  Amphioxus  lanceolatus." 
Mor2)h.  Jahr.,  Tom.  II.,  1876. 

P.  Langerhans,  "  Zur  Anatomie  des  Amphioxus  lanceolatus."  Arch,  fur 
mihrosh.  Anatomic,  Tom.  XII. 

B.  Hatschck.  "  Studien  iiber  die  Entwickelung  des  Amphioxus."  ^irheiten 
avs  don  Zool.  Institute  in  Wien,  Tom.  IV.,  1881. 
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obliquely  dii-ected  rods,  and  form  over  the  rods 
leaf-shaped,  inwardly  projecting  branchial  folds. 
Between  the  latter  there  are  slit-like  openings 
for  the  outflow  of  the  water,  which  passes  into 
a  superficial  cavity — the  atrial  cavity — produced 
secondarily  by  the  growing  over  of  a  fold  of  the 
integument  and  opening  to  the  exterior  by  a 
pore — the  atrial  pore — on  the  ventral  side. 
The  intestine  begins  at  the  posterior  end  of 
this  branchio-pharyngeal  sac,  and  passes  in  a 
straight  course  as  far  as  the  tail,  where  it  opens 
by  a  somewhat  laterally -placed  anus.  The  in- 
testinal tube  is  divided  into  two  regions,  of  which 
the  anterior  receives  a  csecal  hepatic  sac,  which 
extends  forwards  on  the  left  side  of  the  pharynx. 

The  vascular  system  is   without  an  in- 
dependent heart,  but  in  its  place  the  principal 
vessels  pulsate.   The  arrangement  of  the  vessels 
permits  of  compai-ison  with  the  vascular  ap- 
paratus of  the  Invertebrata  (Annelids),  and  at 
the  same  time  it  represents,  in  the  simplest 
form,  the  arrangement  typical  of  Vertebrates. 
A  longitudinal   trunk   running   beneath  the 
respiratory  sac  gives  off  numerous  vessels,  which 
are  contractile  at  their  origin,  to  the  gills.  The 
anterior  pair  of  these  branchial  arteries  forms  a 
contractile  vascular  arch   placed    behind  the 
mouth,  the  two  parts  of  which  unite  beneath 
the  notochord  to  form  the  aorta,  which  receives 
the  next  following  branchial   arteries.  The 
venous  blood  returning  from  the  organs  is 
collected  in  a  vessel  placed  above  the  hepatic 
csecum  ;   this  vessel  becomes  the  subpharyngeal 
longitudinal  trunk.    The  blood  returned  from 
the  intestinal  canal  is  collected  in  a  vessel — the 
hepatic  vein — which  breaks  up  into  fine  branches 
on  the  hepatic  csecum.     A  second  contractile 
vessel  (vena  cava)  receives  the  blood  from  these 
branches,  and  conducts  it  back  into  the  sub- 
pharyngeal   longitudinal    trunk.     The  blood 
corpuscles  are  colourless. 
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£  Generative  Organs.— The  animals  are  dioecious.  The  ovaries  and 
testes  resemble  ea<5h  other  externally,  and  consist  of  a  series  of 
paired  bodies.  They  are  arranged  segmentally  (in  prolongations  of 
the  body  cavity),  one  pair  being  found  in  each  segment  over  the 


Fig.  598.— Development  of  Amphioxus  (after  B.  Hatschek).  A,  Blastosphere.  B,  commencing 
invagination  of  the  entoderm  (gastrula).  C,  Later  gastrula,  the  cilia  of  the  ectoderm 
cells  are  not  represented.  D,  Stage  with  two  somites  (primitive  segments),  seen  in 
optical  longitudinal  section.  US,  Primitive  segments  or  somites  ;  MF,  mesoderm  folds  , 
iV,  medullary  canal ;  Oe,  external  opening  of  the  latter.  E,  Stage  with  nine  somites 
seen  fi-om  the  dorsal  surface  to  shew  the  asymmetry  of  the  somites,  the  notochord  (CT) 
is  shown  in  section.  F,  Larva  with  mouth  (O)  and  first  gill  slit  (K)  seen  from  the  left 
side ;  J>,  intestine ;  Bl,  ventral  blood-vessel. 

greater  part  of  the  length  of  the  branchial  sac  (fig.  597,  Ov).  The 
generative  products  are  dehisced  into  the  atrial  cavity,  and  pass 
thence  through  the  pharynx  and  mouth  to  the  exterior. 

For  a  short  distance  in  front  of  the  atrial  pore  the  epithelium  of 
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the  ventral  wall  of  the  atrial  cavity  is  thrown  into  a  number  of 
peculiar  longitudinal  folds  which  have  been  interpreted  as  kidneys. 

Development. — The  eggs  undergo  a  total  segmentation.  The  cells 
resulting  from  segmentation  form  a  blastosphere,  which  by  invagina- 
tion is  transformed  into  a  ciliated  gastrula  larva  (fig.  598,  A,  B,  C). 
The  mesoderm  is  developed  from  lateral  folds  of  the  entoderm,  and 
at  once  segments  into  somites ;  and  at  the  same  time  the  medullary 
canal,  which  communicates  with  the  alimentary  canal  behind  and 
opens  freely  to  the  exterior  in  front  (fig.  598,  D),  is  formed  from 
the  ectoderm.  Soon  after  the  notochord  arises  from  the  endoderm. 
The  changes,  which  take  place  in  the  larval  life,  are  introduced  by  a 
considerable  elongation  of  the  body.  In  the  further  development 
the  larva  is  remarkable  for  a  striking  asymmetry  (of  somites,  mouth, 
antei'ior  gill-slit,  anus,  olfactory  organ).  The  branchial  apparatus, 
which  is  at  first  free,  is  afterwards  covered  by  a  reduplication  of  the 
skin  (formation  of  the  atiial  or  peribranchial  cavity). 

The  only  genus  of  the  Leptocardii  is  Am2)hiuxns  Yarrel  {JBvancldofstonm  Costa) 
iacluding  a  single  species  distributed  on  the  sandy  coasts  of  the  North  Sea,  of 
the  Mediterranean,  and  of  South  America.  A.  lanceolatus  Yarrel,  Lancelet. 
The  forms  described  as  A.  Belclwri  Gray,  from  the  Indian  Ocean,  and  A.  don- 
gatits  Sundev.  probably  belong  to  the  same  species. 

Order  2. — Cyclostomi*  (Marsipobranchi). 

Vermiform  Fishes  without  'pectoral  or  2'>e.lvic  fins  ;  with  cartilaginous 
skeleton  and  2Jersistent  notochord.  There  are  six  or  seven  pairs  of 
pouch-like  gills.  The  olfactory  fossa  is  unpaired,  and  the  circular  or 
semicircular  suctorial  mouth  is  tvithout  jaivs. 


Fig.  5Q9.—Mi/xine  fflutinosa  (rhgne  animal). 

The  Cyclostomi  have  a  cylindrical  vermiform  shape  (fig.  599),  and 

*A  ■■^°\r"?"^'' Vt'  yergleichende  Anatomie  der  Myxinoiden. "    Berlin,  1835-45 
Aug.  Muller,  Ueber  die  Entwickelung  der  Neunaugen."  Mmcr's  Archw.,  185fi' 
Max  Schultze,  "Die  Entwickelungsgeschichte  von  P.  Planeri."  Haarlem  ISSfi! 
W  St?^"fT  ,  ^"*^i-«^,<;b""geniiberPetromyzon  Planeri."  Freiburg,  1873. 
W.  Muller,  "Ueber  das  Urogenitalsystem  des  Amphioxus  und  der  Cyclosto 

men."_  .Ten.  naturwus.  Zeitsehr..  Tom.  IX.,  1875  ^yciosto 
A  Schneider     Beitrage  zur  vergleichenden  Anatomie  und  Entwickeluno-.. 

geschichte  der  VVirbelthiere."    Berlin,  1879  j^-nuvvicKeiungs- 

TpS-""^^'  ^'^t^^'^c^^elung  des  Meduliarrohrsund  der  Chorda  dorsalis  der 

Teleostier  und  der  Petromyzonten. "    Morphol.  .Jahrh.,  Tom.  III..  1877. 
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their  skin  is  without  scales.  They  have  no  paired  fins  but  the  system 
of  vertical  fins  is  developed  over  the  whole  length  of  the  dorsiil 
surface  and  of  the  tail,  and  is  usually  supported  by  cartilaginous 
rays.  The  skeleton  is  confined  to  a  cartilaginous  rudiment  of  tlie 
vertebral  column  and  skull.  The  notochord  persists  as  the  axial 
skeleton  :  its  sheath  presents  traces  of  segmentation  in  the  presence 
of  rudimentary  cartilaginous  neural  arches  (fig.  GOO,  h),  and  in  the 
caudal  region  {Petromyzon)  of  the  lower  vertebral  arches  also. 

At  the  anterior  end  of  the  notochord  there  is  a  cartilagino- 
membranous  cranial  capsule  enclosing  the  brain.    It  has  a  bony  basal 

region  and  lateral  cartilaginous 
vesicles  in  which  the  auditory 
organs  are  enclosed  {fig.  600). 
In  place  of  the  visceral  skeleton 
there  are  cartilaginous  pieces 
surrounding  the  palate  and  pha- 
rynx, various  labial  cartilages 
and  a  complicated  frame  work 
of  cartilaginous  rods,  which 
form  the  so-called  branchial 
basket  round  the  branchial  sacs, 
and  are  in  part  attached  to  the 
vertebral  column. 

The  Cydoslomi  possess  a  brain 
of  the  piscine  type  with  three 
principal  sense  nerves  and  a 
reduced  number  of  spinal-like 
nerves.  Two  eyes  are  always 
present,  but  they  may  be  hidden 
under  the  skin  or  even  covered 
by  muscles  [Myxine,  larva  of  Petromyzon).  The  olfactory  organ 
is  an  unpaired  sac  opening  in  the  median  line  between  the  eyes.  In 
the  Myxinoids  the  olfactory  capsule  has  in  addition  a  posterior 
opening  which  pierces  the  palate  and  can  be  closed  by  a  valvular 
apparatus.  This  communication  between  the  nasal  and  pharyngeal 
cavities  serves  for  the  introduction  of  water  into  the  branchial  sac  ; 
for  the  mouth  when  performing  its  function  as  a  suctorial  organ  is 
closed  so  far  as  the  passage  of  water  is  concerned.  The  auditory 
organ  is  reduced  to  a  simple  membranous  labyrinth  which  consists 
of  the  vestibulum  and  one  or  two  semicircular  canals. 

Alimentary  canal. — The  mouth,  which  is  surrounded  by  fleshy 


Fig.  600. — Skull  and  beginning  of  the  verte- 
bral column  of  Fetromyzon  marimis  (after 
Joh.  Miiller).  a,  In  longitudinal  vertical 
section,  h,  Seen  from  above.  A,  noto- 
chord ;  B,  neural  canal ;  C,  nidimentary 
vertebral  arches ;  2),  cartilaginous  pai-t, 
and  D',  membranous  part  of  the  cranial 
roof;  E,  base  of  skull;  F,  auditory  cap- 
sule; 6r,  nasal  capsule;  ff', naso-palatine 
duct ;  Or,  blind  end  of  O' ;  H,  process  of 
the  bony  palate  ;  J,  posterior  plate  cover- 
ing the  mouth  ;  K,  anterior  plate  covering 
the  mouth  ;  L,  labial  ring  ;  M.  styUform 
appendage  of  L. 
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lips  and  often  by  filamentous  processes,  is  circular  in  shape,  though 
the  lips  can  be  applied  together  so  as  to  form  a  median  longitudinal 
slit.  It  leads  into  a  funnel-sha,ped  buccal  cavity,  which  is  without 
jaws  and  is  armed  on  the  soft  palate  as  well  as  on  the  floor  with 
horny  teeth  (fig.  601).  At  the  bottom  of  the  funnel  is  the  tongue, 
which,  moving  up  and  down  like  a  piston,  enables  the  animal  to  attach 
itself  by  its  mouth  as  by  a  sucker.  The  pharynx,  which  follows 
the  mouth,  communicates  with  the  branchial  sacs  either  directly  or  by 
a  special  passage  {Petromyzon).  The  intestinal  canal  passes  straight 
to  the  rectum  and  is  divided  into  stomach  and  intestine  by  a  narrow 
region,  the  walls  of  which  project  so  as  to  form  a  sort  of  valve.  The 
liver  is  always  well  developed,  but  there  is 
no  swimming  bladder. 

The  gills  (fig.  592)  lie  at  the  sides  of  the 
oesophagus  in  six  or  seven  pairs  of  branchial 
sacs.  These  open  on  either  side  by  external 
branchial  passages  into  the  same  number  of 
separate  respiratory  apertures.  In  Myxine 
on  the  other  hand  there  is  on  each  side,  almost 
on  the  ventral  surface,  only  one  opening,  into 
which  all  the  external  branchial  passages  of 
the  same  side  open. 

On  the  other  side  the  !-acs  communicate 
with  the  oesophagus,  but,  except  in  Ammo- 
ccetes,  never  directly  by  simple  openings  but 
by  internal  branchial  passages  or,  as 
Fetromyzon,  by  a  .  common  passage  lying 
beneath  the  oesophagus  into  which  passage 
all  the  other  branchial  passages  open.  The 
water  flows  in  from  the  exterior  through  the  external  branchial 
openings  or  in  Myxine  through  the  nasal  passage,  and  is  driven  by 
the  contraction  of  the  constrictor  muscles  of  the  branchial  sacs  either 
out  by  the  same  way  {Fetromyzon),  or  into  the  oesophagus,  and  from 
this  to  the  exterior  through  a  special  unpaired  canal  on  the  left  side. 

The  heart  lies  beneath  and  behind  the  branchial  skeleton.  Some 
of  the  vascular  trunks  pulsate,  e.g.,  the  portal  vein  in  Myxme.  The 
aortic  bulb  has  no  muscular  layer,  and  contains,  as  in  the  Teleosteans 
only  two  valves.  ' 

The  urinary  and  genital  organs  are  of  simple  structure.  In 
Myxzne  the  kidneys  retain  the  primitive  segmental  arrangement, 
there  being  a  urinary  tubule  and  Malpighian  body  in  every  seg- 


in  Fig.  601.— Head  of  Petromyzon 
marinus,  seen  from  below 
Showing  the  horny  teeth 
of  the  buccal  cavity  (after 
Heckel  and  Kner). 
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ment.  In  Myxine  the  uriuui-y  ducts  open  with  tlie  genital  pore,  in 
Petromyzon  into  the  intestine.  In  front  of  the  kidneys,  in  the  ref,don 
of  the  heart,  there  is  another  part  of  the  kidney  which  in  the  adult 
animal  is  no  longer  functional.  This  is  the  head-kidney  or  prone- 
phros (Nebenniere  of  Joh.  MiiUer).  It  consists  of  a  number  of 
glandular  ducts,  which  begin  with  funnel-shaped  openings  into  the 
body  cavity  (pericar'dial  cavity),  and  in  the  young  animal  open  into 
the  urinary  duct. 

The  genital  glands  are  unpaired  in-  both  sexes.  In  Myxine  they 
lie  on  the  right  side ;  in  Petromyzon  in  the  middle  line.  They  never 
possess  ducts,  but  the  eggs  and  spermatozoa  are  at  the  breeding  time 
dehisced  into  the  body  cavity,  whence  they  pass  out  through  a  pair 
of  genital  pores  placed  behind  the  anus. 

The  Pe.tromyzontidoi  undergo  a  kind  of  metamorphosis,  which  was 


a 


a 

® 


Fig.  602. — a,  Petromyzon  fluoiat.ilis  (after  Heckel  and  Kner).  b,  c,  d,  stages  in  the  trans- 
formation of  Ammoccetes  hranchialiH  into  Petromyzon  Planeri  (after  v.  Siebold).  b,  Head 
of  an  eyeless  larva  seen  from  the  side ;  c,  the  same  seen  from  underneath ;  d,  later 
stage  with  small  eyes,  seen  from  the  side. 

discovered  two  hundred  years  ago  by  Baldner,  a  fisherman  of  Stras- 
burg,  but  has  only  recently  been  rediscovered  by  Aug.  Miiller.  The 
young  larvae  (fig.  602,  b,  c,  d)  are  blind  and  Avithout  teeth.  They 
possess  a  small  mouth,  surrounded  by  a  horseshoe-shaped  upper  lip, 
and  were  for  a  long  time  placed  in  a  special  genus — Ammocoetes. 

The  Cyclostomes  live  partly  in  the  sea;  they  ascend  rivers  at 
spawning  time,  sometimes  carried  by  the  Salmon  and  Shad  (Alausa 
vidgm-is),  and  deposit  their  eggs  in  holes  in  the  river-bed.  Others 
are  river-fish.  They  attach  themselves  to  stones  and  to  dead  and 
living  fish,  which  latter  they  may  in  this  way  kill.  They  also  eat 
worms  and  small  aquatic  animals.  The  genus  Myxine  is  exclusively 
parasitic  on  other  fish  and  even  makes  its  way  into  their  body  cavity, 
thus  affording  an  example  of  an  endoparasitic  Vertebrate. 


Fam.  Myxijioidae  (Hags).  Head  obliquely  truncated  ;  suctorial  mouth  without 
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lips,  and  surrounded  by  labial  processes  ;  eyes  hidden  beneath  the  skin.  There 
is  an  opening  from  the  nasal  cavitj'-  into  the  mouth  through  the  posterior  part 
of  the  palate.  The  branchial  pouches  open  to  the  exterior  either  by  a  common 
ventral  apei'ture  on  each  side  QMy-vine,  Oastrobranclmsi)  or  by  seven  apertures 
on  each  side  or  asymmetrically  by  six  apertures  on  one  side  and  seven  on  the  other 
(^Bdelloxtomti).  Marine.  Myxiiie glutinosa  L.  (fig.  .599).  Bdellostoma  lieptatrema 
Joh.  Miill.,  found  at  the  Cape. 

Fam.  Petromyzontidse.  Lampreys — Nine-eyes.  With  seven  external  gill 
slits  on  each  side  of  the  neck,  and  a  common  internal  branchial  passage 
which  opens  anteriorly  into  the  pharynx.  The  nasal  cavity  ends  blindly. 
The  round  mouth,  without  labial  processes,  with  fleshy  lips,  which  can  be 
approached  so  as  to  leave  a  slit-like  opening.  Petromyxon  marimts  L. 
Lamprey,  two  feet  in  length,  ascends  rivers  with  the  Shad,  in  the  spring, 
to  spawn.  P.  fluviatilis  L.,  Eiver  Nine-eye  (lig.  602  a).  P.  Planeri  Bloch, 
small  river  Nine-eye,  with  AmmoccBtes  hranckialis  as  larva.  It  attains  a 
length  of  5  to  6  inches. 


Fig.  603. — Acanthias  vulgaris     Spl,  spiracle ;  i»,  gill  slits. 

Orde7-  3. —  Selachii'*'  (Chondropterygii). 

Cartilaginous  Fishes  with  large  pectoral  and  pelvic  fins,  with 
transverse  ventr  ally -placed  mouth,  ibsually  with  five  {rarely  six  or 
seven)  pairs  of  branchial  pouches  and  branchial  slits.  They  have  a 
muscular  conus  arteriosus  which  contains  several  rows  of  valves.  The 
intestine  has  a  spiral  valve. 

The  Selachians  differ  strikingly  in  theii'  outward  appearance  from 
all  other  Fishes  (fig.  603),  and  present  even  among  themselves  great 
variations.  The  form  and  position  of  the  mouth,  which  is  a  broad 
transverse  slit  placed  on  the  under  surface  of  the  snout,  is  an  impor- 
tant distinguishing  character.  The  skin  usually  contains  a  number 
of  bony  granules  (ossified  dermal  papillae,  j^lacoid  scales),  and  obtains 

*  Compare  Joh.  MUller  and  J.  Henle,  Svstematische  Beschreibuno-  der 
Plagiostomen,"  mit  60  Steindrucktafeln.    Berlin,  184! . 

Fr.  Leydig,  "  Beitrage  zur  mikroskopischen  Anatomic  und  Entwickelungs- 
geschichte  der  Kochen  und  Haie."    Leipzig,  1852. 

C.  Gegenbaur,  "  Untersuchungen  zur  vergleichenden  Anatomic  der  Wirbel- 
thiere."    Leipzig,  1872. 

F.  M.  Balfour,  "A  monograph  on  the  development  of  Elasmobranch  Fishes  " 
London, 1878. 

C.  Hasse,  "  Das  natilrliche  System  der  Elasmobranchier."    Jena,  1879. 
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tliereby  a  rough  shagi-een-like  surface.    Sometimes,  especially  on 
the  tail  {Uaiidm),  there  are  lai-ger  bony  plates,  arranged  in  rows  and 
provided  with  pointed  spinous  processes,  which  serve  for  protection 
{ichthyodorulites).     All   the   Selachians  have  large  pectoral  and 
pelvic  lins.    The  former  are  attached  by  a  cartilaginous  shoulder- 
girdle  to  the  posterior  part  of  the  skull,  or  to  the  anterior  region  of 
the  vertebral  column;  they  are  either  sharply  marked  oif  and  have 
an  almost  vertical  position  on  the  anterior  part  of  the  body  {Chimcera 
and  Sqanlidce),  or  they  have  the  form  of  very  large,  horizontally- 
placed  lateral  expansions  of  the  body  {Rays).     In  the  latter  case 
they  reach  by  means  of  the  so-called  cranial  fin  cai-tilages  to  the 
anterior  end  of  the  snout,  and  lean  by  posterior  suspensors  on  the  pelvic 
framework  of  the  ventral  fins ;  the  latter  are  always  placed  near  the 
anus,  and  in  the  male  bear  pecuHar  grooved  cartilaginous  appendages, 
which  are  the  accessory  copulatory  organs  (claspers).    The  unpaired 
fins  also  may  be  well  developed,  and,  as  their  number  and  position 
varies  in  the  different  forms,  they  may  be  of  systematic  importance. 
A  sharp  bony  spine  is  sometimes  present  in  front  of  the  dorsal  fins, 
or  completely  isolated  on  the  dorsal  surface  of  the  tail  {Trygon),  and 
this  as  well  as  the  spinous  and  hooked  processes  of  the  dermal 
bony  plates  serve  as  a  weapon  of  defence.    The  caudal  fin  is  always 
markedly  heterocercal  externally. 

The  skull  is  an  undivided,  cartilaginous  capsule,  the  base  of  which 
sometimes  is  articulated  to  the  vertebral  column  {Chimcera  and 
Raiidoi),  while  sometimes  it  is  excavated  like  the  body  of  a  vertebra 
(fig.  571).  On  the  facial  region  the  cartilaginous  mandibular  arch 
persists,  and  is  attached  to  the  auditory  region  of  its  skull  by  the 
hyomandihular.  The  palatoquadrate  bar  is  moveably  connected  to 
the  cranial  capsule  (except  in  Chimcera).  The  palatoquadrate  and 
the  lower  jaw  are  always  cartilaginous,  and  as  a  rule  are  abundantly 
furnished  with  teeth.  The  vertebral  column  with  its  remains  of 
the  notochord  is  also  pi'incipally  cartilaginous,  but  separate  biconcave 
vertebrae  are  developed,  the  form  of  which  offers  numerous  variations. 

In  all  cases  there  are  dorsal  and  ventral  arches,  which  sometimes 
remain  separate  and  sometimes  fuse  with  the  vertebral  bodies.  Ribs 
only  appear  as  cartilaginous  rudiments. 

In  the  structure  of  the  gills  (fig.  593),  the  Selachians  differ  essenti- 
ally from  the  Teleosteans  in  possessing  five  branchial  pouches  on 
either  side;  the  branchial  lamellae  are  attached  in  their  whole  length 
to  the  partition  walls,  which  are  supported  by  the  latei-al  cartilagi- 
nous rays  of  the  branchial  arches.    The  branchial  pouches  are  placed 


SELACPIII. 


159 


relatively  far  back,  and  each  of  them  has  a  separate  external  opening. 
These  openings  are  in  the  Squaliclce  on  the  sides,  in  the  Raiidce  on 
the  ventral  surface  of  the  body.  In  the  Chimceridce  the  branchial 
pouches  open  on  either  side  into  a  common  gill-slit,  over  which  a 
cutaneous  fold,  arising  from  the  suspensorium  of  the  jaw  and 
serving  as  a  branchial  operculum,  is  spread. 

The  dentition  presents  many  variations.  Sometimes  [Hexanchus, 
Acanthias)  the  whole  of  the  buccal  cavity  as  far  as  the  entrance  to 
the  oesophagus  is  covered  with  small  teeth  of  the  mucous  membrane 
(placoid  scales  "'■') ;  sometimes  there  are  larger  teeth,  which  also 
always  belong  to  the  mucous  membrane,  and  are  arranged  in  rows 
on  the  rounded  edge  of  the  jaw  in  such  a  manner  that  the  younger 
posterior  rows  of  teeth  have  their  points  turned  inwards,  while  the 
teeth  of  the  anterior  rows,  which  are  older  and  moi-e  or  less  worn, 
have  their  points  turned  upwards  and  outwards. 

In  the  Sqiudides,  dagger-shaped  or  saw-shaped  serrated  teeth  pre- 
ponderate, while  conical  or  flat  pavement-like  molar  teeth  are 
characteristic  of  the  greater  number  of  Raiides. 

Spiracles  are  frequently  present  on  the  upper  surface  of  the  head 
behind  the  eyes  ;  they  ai-e  used  for  the  expulsion  of  the  water  from 
the  pharyngeal  cavity.  The  digestive  canal  is  dilated  to  a  spacious 
stomach,  but  is  relatively  short;  the  small  intestine  is  furnished  with 
a  spirally  coiled  fold  of  the  mucous  membrane — the  so-called  spiral 
valve — which  considerably  increases  the  extent  of  the  absorbing 
surface.  A  swimming  bladder  is  always  absent,  though  the  rudiment 
of  it  is  often  discernible. 

The  heart  *  has  a  muscular  conus  arteriosus ;  it  contains  two  to  ■ 
five  rows  of  valves,  and  represents  a  part  of  the  ventricle  which  has 
become  independent. 

In  the  structure  of  the  brain  and  of  the  sense  organs,  the 
Selachians  hold  the  highest  place  amongst  the  fishes  (fig,  588).  The 
hemispheres  are  of  relatively  considerable  size,  present  longitudinal 
and  transverse  impressions,  and  traces  of  convolutions  on  their 
surface.  The  cerebellum,  also,  may  be  so  well  developed  that  the 
fourth  ventricle  is  almost  entirely  covered  by  it.  The  two  optic 
nerves  always  form  a  chiasma  and  some  of  their  fibres  cross.  The 
eyes  in  the  Squalides  are  not  only  protected  by  free  lids,  but  often 
also  by  a  moveable  nictitating  membrane. 

*  0.  Hertwig,  Jen.  natwn-iss.  Zeitschr.    Tom.  VIII.,  1874. 

*  C.  Gegenbaur,  "  Zur  vergleichenden  Anatomie  des  Herzens."    Jen  natur- 
reus.  Zeitaehr.    Tom.  II. 
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The  urinary  organs  of  the  Plagiostomi  are  paired  kidaeys,  whicli 
sometimes  retain  the  ciliated  funnels  {nephrostomata). 

The  sexes  can  be  easily  distinguished  by  the  form  of  the  pehac 
fins.  A  true  copulation  always  takes  place.  The  female  genital 
organs  consist  of  a  large,  single  or  double  ovary  and  paired  glandular 
oviducts,  which  are  separate  from  the  ovaries  and  begin  with  a 
common  funnel-shaped  ostium,  and  in  their  further  course  each  of 
them  possesses  a  uterus-like  dilatation.  The  two  oviducts  open  by 
a  common  aperture  (in  the  Chimceridce  only  by  separate  orifices)  into 
the  cloaca.  The  ova  have  a  large  amount  of  food-yolk,  and  are 
enclosed  by  a  mass  of  albumen,  and  sometimes  by  a  thin  membranous 
folded  chorion,  sometimes  by  a  tough,  parchment-like,  flat  shell, 

which  is  prolonged 
into   four  horns, 
or    into  twisted 
strings,  which 
serve  to  attach  it 
to  marine  plants. 
In  the  latter  case 
the  eggs  are  laid 
(the    true  Rays 
and  Dogfish)  ;  in 
the  former  (elec- 
tric  Rays  and 
viviparous  Squa- 
lides),  on  the  other 
hand,  they  develop 
in   the  uterus. 
In  this  case  the  eggs  are  closely  applied  to  the  walls  of  the  uterus 
during  the  development,  the  folds  of  the  chorion  interlocking  with 
the  ridges  of  the  uterine  walls.    Thus  the  addition  of  nutriment 
is  rendered  possible.    Sometimes  the  connection  between  the  mother 
and  the  embryo  is  more  intimate,  and  is  effected  by  means  of  a  true 
umbilical  placenta,  which  was  known  to  Ai-istotle  in  Mustelus  Icevis 
(fig.  604).    As  Job.  Miiller  *  has  shown,  the  long-stalked  yolk-sac 
of  the  embiyos  of  Mustelis  Icevis  and  species  of  Carcharias  develops  a 
great  number  of  villi,  which  are  covered  by  the  delicate  egg  mem- 
brane, and  like  the  cotyledons  of  Ruminants  fit  into  corresponding 
depressions  in  the  uterine  mucous  membrane.    In  other  respects, 

*  Compare  .Job.  Miiller,  "  Ueber  den  glatteu  Hai  des  Aristoteles."  AhJiandl. 
der  Berliner  A  luid.,  1840. 


Fig.  604. — Embryo  of  Miisteliis  l(Bvis,  connected  with  the  uterus 
by  the  umbilical  placenta  {Bp)  (after  Joh.  Miiller). 


SELACHII. 


161 


also,  the  embryos  of  the  Plagiostomes  exhibit  notable  peculiarities, 
especially  in  the  possession  of  external  branchial  filaments  (fig.  605), 
which  are  lost  long  before  birth. 

Almost  all  the  Plagiostomes  are  mai-ine ;  only  a  few  of  them  are 
found  in  the  larger  rivers  of  America  and  India.  They  are  all 
carnivorous,  and  feed  on  large  fishes,  or  Crustacea  and  mollusca.  Some 
few  [Torpedo)  possess  an  electric  organ. 

With  the  exception  of  Pleuracanthus,  remains  of  spines  and  teeth 
only  are  preserved  in  the  Palaeozoic  formations.  From  the  secondary 
period  onwards  the  remains  are  more  complete  and  numerous. 

Sub- order  1.  Holocephali. 

Selachians  with  maxillo-palatine  apparatus  firmly  fused  to  the  skull, 
loith  single  external  gill  slit  on  each  side  and  small  ojjercular 
membrane. 

The  thick  strangely  formed  head  is  provided  with  large  eyes  which 


Fig.  605.— Embryo  of  Acanthias  with  external  gills.    Sp,  spiracle ;  JT,  mouth ;  Nb,  stalk  of 

yolk-sac. 

are  without  lids.  The  mouth  is  small  and  lies  on  the  under  surface 
of  the  snout.  The  maxillo-palatine  (palato-quadrate)  bar  is  firmly 
fused  with  the  skull,  while  the  lower  jaw  articulates  with  a  styliform 
process  of  the  skull  (hyomandibular).  The  mandible  has  but  few 
teeth  (four  above,  two  below).  The  naked  skin  is  traversed  by  the 
large  passages  of  the  lateral  sense  organs.  There  are  no  spiracles. 
The  vertebral  bodies  are  replaced  by  thin  calcareous  annular  incrusta- 
tions in  the  sheath  of  the  notochord.  They  lay  eggs  with  horny 
shells. 

Fam.  Chimaeridae  (Sea-cats).  Chimcera  momtrosa  L.  (fig.  606),  Northern 
Seas  and  Mediterranean  ;  Callorhynchus  antaroticus  Lac.,  Cape  and  Pacific. 

Sub-order  2.  Plagiostomi. 

Selachians  with  wide  transverse  mouth,  which  is  placed  far  hack 
separate  vertebral  bodies,  and  a  more  or  less  reduced  notochord.  There 
a/re  five  {exceptionally  six  or  seven)  external  gill  slits  on  each  side. 

The  nasal  apertures  are  placed  on  the  under  surface  of  the  snout 
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a  little  in  front  of  the  transversely  arched  mouth.  The  skin  is 
rai-ely  naked ;  it  is  usually  shagreen-like  in  consetjuence  of  the 
osseous  bodies  which  are  embedded  in  it,  or  it  may  also  be  covered 
with  osseous  plates  and  scutes.  The  palato-quadrate  Imr  is  moveable 
and  is  separate  fi-om  the  cartilaginous  cranial  capsule. 

Tribe  1.  Squalides  (Sharks),  Spindle-shaped  Plagiostomes,  with 
lateral  gill  slits ;  eyelids  with  free  edges ;  incomplete  shoulder  girdle, 
without  cranial  fin  cartilages. 

The  body  is  spindle-shaped,  carries  the  pectoral  fins  more  or  less 
vertically,  and  ends  with  a  powerful  tail,  which  is  berit  dorsalwards 
at  the  end.  There  are,  however,  forms  which,  Avith  regard  to  their 
body  shape,  are  allied  to  the  Rays,  and  constitute  forms  of  transition 
to  the  latter  group,  e.g.,  the  genus  SqiMtina.  The  teeth  are  usually 
pointed  and  dagger-shaped,  and  placed  in  numerous  rows.  The 


Pig.  606. — Chimcera  momtrona  (regne  animal). 


families  are  disting-uished  principally  by  the  number  and  position  of 
the  fins,  by  the  presence  or  absence  of  spiracles  and  of  a  nictitating 
membrane,  and  also  by  the  form  and  structure  of  the  teeth. 

Fain.  Scyllidae  (Dog-fishes).    Scylliim.  canicula  L.,  the  coasts  of  Europe. 
Fam.  Cestraciontidae.    Cestracion  PJtiKpjJi  Blainv. 

Fam.  Lamnidse  (Porbeaoles).  Lamna  (jlauoa  MiilL,  Henle  ;  Selache  maxima 
Gunn.,  reaches  a  length  of  thirty-two  feet. 

Fam.  Carchariidae.  farchariaH  i/laucvs  Bond,  the  Blue  Shark,  with 
umbilical  placenta.  C.-lamw,  Risso.  These  two  last  are  found  in  the  Mediter- 
ranean and  the  Ocean.    ZygcBna  mallcnn  Risso,  the  Hammer-headed  shark. 

Fam.  Galeidae  (Topes).  Guleus  can  'is  Rond.,  European  seas  ;  Mnsteln^  tuhjaris 
and  lavis  Rond.,  with  umbilical  placenta,  both  are  found  in  the  Mediterranean. 

Fam.  Notidanidee.  Notidiinii^  {Ileranchvx)  gruvm  Gm.  and  N.  (Heptan- 
elms)  oinerens  Gm.,  Mediterranean  and  Ocean. 

Fam.  Spinacidae  (Spiny  Dog-fishes).  Acanthias  mlgaru  Risso  (fig.  603). 
found  from  the  northern  seas  to  the  South  Sea. 

Fam.  SquatinidsB  (Angel-  or  Monk-fishes).  S/juatim  vnlgar'S  Risso  {Sqiudvs 
squatina  L.)  European  seas. 
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Tribe  2.  Eajides  (Skates  and  Rays).  Plagiostomes,  with  fiat 
bodies ;  with  live  gill  slits  opening  on  the  ventral  surface  internal  to 
the  pectoral  fins;  with  complete  pectoral  girdle  and  cranial  fin 
cartilages,  without  anal  fins. 

In  consequence  of  the  size  and  horizontal  expansion  of  the  thoracic 
fins  the  flat  body  presents  the  form  of  a  large  disc,  prolonged  behind 
into  the  long  thiti  tail,  which  is  frequently  armed  with  spines,  rarely 
with  one  or  two  serrated  stings.  The  mandibles  are  short  and  stout, 
and  are  furnished  with  teeth  which  may  be  either  small  and  conical, 
and  arranged  near  one  another  in  rows,  or  broad  and  plate-like. 
The  Eays  live  for  the  most  part  at  the  bottom  of  the  sea,  and  feed 
principally  on  Crustaceans  and  Molluscs.  The  Torpedos  have  an 
electrical  apparatus  between  the  fin  cartilages  and  the  branchial 
pouches.  By  means  of  this  organ  (fig.  590)  they  can  stun  even 
larger  fishes.  Many  Rays  reach  the  considerable  size  of  ten  to 
twelve  feet. 

Fam.  ScLuatinorajidae.  Pristis  antiqvorwn  Lath.  Sawfish,  Ocean  and 
Mediterranean  ;  Rhinohahos  gramtlatus  Guv. 

Fam.  Torpedidae.  Electric  Kays.  Torjjedo  marmorata  Risso.  Mediten-anean 
and  Ocean  :  Narcine  brasiliensis  v.  Ott. 

Fam.  Eajidse.    Skates  and  Rays.    Raja  elavata  L.  ;  B.  miralctus  L 

Fam  Trygonidae.  Sting  Rays.  Trygon  imstinaca  L.  {^Pastinaca  mavvia 
Bell),  Atlantic  Ocean. 

Fam.  Myliobatidae.    Eagle  Rays  or  Sea  Devils.     MyUohatis  aqnUla  L., 
Mediterranean. 

Order  4. — Ganoidei." 

Cartilaginous  and  bony  Fishes,  with  enamelled  scales,  or  with  osseous 
dermal  plates  and  fulcra,  with  muscular  comis  arteriosus  containing 
TOWS  of  valves;  with  comh-shaped  gills  and  spiral  valve  in  the 
intestine. 

In  former  periods  of  the  world's  histoiy  this  order  was  richly  and 
variously  represented  {Sauroidoi,  Lepidoida,,  Pycnodonta),  while  at 
the  present  day  it  contains  only  a  few  forms  {Lepidosteus,  Polypterus, 
Cakcmcnchthys,  Amia,  Acipenser,  Scaphirhynchus,  Spatularia).  It  is 
difficult  to  establish  the  limit  towards  the  Teleosteans,  since  there  is 
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no  single  differentiul  cliaractei-  common  to  all  the  Ganoids  (even  the 
spiral  valve  of  the  intestine  is  rudimentaiy  in  Aviia  and  Lepidoatem). 

The  scales  from  which  the  name  of  the  order  Ls  derived  ai-e  for 
the  most  part  of  a  rhomboidal  form,  and  are  always  covered  with  a 
smooth  layer  of  enamel.  They  ai-e  connected  together  by  articular 
processes,  and  encircle  the  body  in  obhquely  directed  rings  (fig.  607). 

As  regards  the  structure  of  the  skeleton,  the  Ganoids  are  partly 
cartilaginous  and  partly  bony  fishes.  Both  among  the  fossil  Ganoids 
and  those  living  at  the  present  time  (Sturgeon)  there  are  forms 
which,  by  the  persistence  of  the  notochord  and  the  formation  of  bony 
arches,  are  allied  to  the  Chimceridce.  The  cartilaginous  cranial 
capsule  is  always  covered  with  external  membrane  bones,  and  the 
mandibular  suspensorium,  the  jaws,  the  branchial  arches,  and  the 
operculum  possess  a  bony  consistency.  In  the  so-called  bony 
Ganoids,  the  primordial  cranium  is  more  or  less  completely  replaced 
by  a  bony  skull,  and  the  vertebral  column  gradually  becomes  bony, 
inasmuch  as  the  vertebrfe  acquire,  through  various  intermediate  steps, 


Pig.  607. —Palypterua  bichir. 


the  biconcave  form  of  the  Teleostean  vertebras,  and  in  Lepidostem 
reach  a  phase  of  development  in  which,  by  the  presence  of  an 
anterior  articulating  head,  they  resemble  the  opisthoccelous  vertebra? 
of  Amphibia.    Bony  ribs,  also,  are  fairly  frequently  present. 

The  caudal  fin  is  usually  heterocercal,  and  the  end  of  the  vertebral 
column  is  sometimes  continued  into  its  superior  lobe;  there  are. 
however,  forms  which  are  transitional  in  this  respect,  and  lead  to 
bhe  homocercal  {diphycerccd)  form.  The  spine-like  splints  known  as 
fulcra,  which  are  arranged  in  a  single  or  double  row  on  the  upper 
edge  and  the  first  ray  of  the  fins,  particularly  the  caudal  fin,  are 
peculiar  to  Ganoids.  ("  Every  fish  with  fulcra  on  the  anterior  edgi' 
of  one  or  more  fins  is  a  Ganoid." — Job.  Miiller.) 

Anatomically  the  Ganoids  pi'esent  many  points  of  resemblance  to 
the  Selachians.  The  anteiior  region  of  the  ventricle  is  separated  off 
as  a  rhythmically  contractile  conus  arteriosus,  and  contains  several 
longitudinal  rows  of  valves,  which  extend  as  far  as  the  anterior  limit 
of  the  muscular  investment,  and  prevent  the  blood  flowing  back  from 
the  artery  into  the  conus  during  the  diastole.    The  comb-shaped 
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gills,  on  the  other  hand,  lie,  as  in  the  Teleosteans,  freely  in  a 
branchial  cavity  beneath  a  branchial  operculum,  to  which  a  large 
gill  containing  venous  blood  is  often  attached.  This  respiratory 
accessory  gill  (opercular  gill)  is  wanting  in  Amia  and  Spatularia, 
and  must  be  distinguished  from  the  pseudobranch  of  the  spiracle, 
which  may  be  present  together  with  it. 

All  the  Ganoids  possess  a  swimming  bladder  with  a  ductus  pneu- 
maticiis  and  two  peritoneal  canals  {abdominal  pores),  which  open  at 
the  sides  of  the  anus  (as  in  ChimcBra  and  Plagiostomi).  The  optic 
nerves  do  not  simply  cross  over  one  another,  but  form  a  chiasma 
with  partial  exchange  of  the  fibres.  The  generative  organs  present 
many  noteworthy  peculiarities.  There  are  two  ovaries  and  the  ripe 
eggs  escape  into  the  abdominal  cavity.  Thence  they  pass  into  an 
oviduct  [Miillerian  duct]  which  begins  with  a  funnel-shaped  opening 
into  the  body  cavity  and  opens  behind  into  the  urinary  duct  or  into 
the  corresponding  cornu  of  the  urinary  bladder  (^Spatularia,  Lepi. 


Fig.  608. — Aoipemer  vufhenus  (after  Heckel  and  Kner). 


dosteus),  or  unites  with  the  oviduct  of  the  opposite  side  and  opens 
behind  the  anus  by  a  single  genital  pore  into  which  the  short  urethra 
also  opens.  (Hyrtl.)  In  the  two  first  cases  a  urogenital  canal  leads 
from  the  bladder  to  a  urogenital  pore  placed  behind  the  anus.  In  the 
male  it  is  remarkable  that  the  same  abdominal  funnels  [Miillerian 
ducts]  also  function  as  seminal  ducts.  [It  has  been  shown  by  Balfour 
and  Parker  (Structure  and  Development  of  Lepidosteus,  Phil.  Trans,, 
1882),  that  in  Lejndosteics  at  any  rate  the  testis  is  connected  with 
the  Wolffian  body  by  a  testicular  network.] 

Tribe  1.  Chondrostei.  Cartilaginous  Ganoids  with  persistent 
notochord.  Branchiostegal  rays  scanty  or  absent.  Caudal  fin 
heterocercal,  with  fulcra.  Cranium  cartilaginous,  covered  by  dermal 
bones.  The  teeth  are  small  or  altogether  absent.  The  skin  is 
naked  or  has  osseous  plates  instead  of  scales. 

Fam.  Acipenseridse  (Sturgeons).  Ac/qmnscr  sturio  L.,  Sturgeon;  A.  rutJif.iim 
L.,  Sterlet  (fig.  fi08)  ;  A.  hmo  L.  (Hansen),  S(-aphirhynchvs  eataphractvs 
Gray,  Mississippi. 
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Fa.ii.  SpatularidaB  (Liiffelstcire).    '^J'aMaria  [lMw>d,na  fnlhn,,  ^  «o  m-  • 
sippi  ;       gladins  Martens,  YantsekianR.  ">'il"^'»^y"Uu"<  Lac,  Missis- 

Tribe  2  Crossopterygii.  Ganoids  with  two  In-oad  jugular  plates 
nstead  of  he  branchio.stegal  rays,  and  usually  with  a  pointed 
(dipliycercal)  cmdal  fin.  The  shafts  of  the  pectoral  as  well  as  of  the 
pelvic  fins,  which  are  placed  far  back,  are  invested  with  scales,  which 
also  cover  the  xuys.  The  scales  are  sometimes  thin  and- cycloid 
sometimes  strong  and  rhomboid.  The  CVossopterygii  lead  to  the 
JJipnoi  and  Amphibia. 

Fanu  Polypteridae.    With  rhomboid  scales,  an.l  dorsal  fins  divided  up  into 
a  number  of  small  fins.    Pol!;2>terv.  HeMr  Geoffr.  (fig.  007),  with  f rom  e 

Tribe  3.  Euganoides  (Bony  Ganoids).    Ganoids  with  rhomboidal 
scales,  and  usually  with  fulcra  on  the  anterior  border  of  the  fins 
They  have  numerous  branchiostegal  rays.    The  pelvic  fins  are  placed 
between  the  pectoral  and  anal  fins. 

Fam  Lepidosteidse  (Gar-Pikes,  Bony  Pikes).  Form  of  body  elongated 
pike-bke.  The  dorsal  fins  are  placed  far  back  ;  the  caudal  fin  heterocercal 
and  sharply  cut  off.  Fresh  waters  of  Cuba,  Central  and  North  America 
Lepulostcm  2^^atystomus  Eaf. ;  L.  osseus  L.  ;  L.  sjiatvla  Lac 

Tribe  4.  Amiades.  Bony  Ganoids,  with  large  round  enamelled 
scales,  bony  biunchiostegal  rays,  and  heterocercjal  caudal  fin.  There 
are  no  fulcra. 

Fam.   Amiadae.     Amia  calva  Bonap.,  rivere  of  Carolina;  most  nearly 
allied  to  the  bony  fishes  (^Clujjeidte  and  Salmonidce^. 

Order  5.  -Teleostei  (Bony  Fishes). 
Fishes,  with  hony  skeleton,  with  free  gills  {usually  four  on  each  side) 
and  an  external  branchial  operculum.     There  is  a  bulbus  arteriosus 
with  ttvo  valves  at  its  base.    The  optic  nerves  do  not  form  a  chiasma. 

The  Teleosteans  comprise  by  far  the  greatest  number  of  all  fishes, 
and  are  distinguished  from  the  cartilaginous  fishes  and  Ganoids  by  a 
number  of  anatomical  characters.  They  possess  a  simple  bulbus 
arteriosus  with  only  two  valves,  which  are  placed  opposite  to  each 
other  at  the  origin  of  the  bulbus.  The  bulbus  arteriosus  is  not  a 
separate  part  of  the  heart  with  independent  pulsation,  but  the 
thickened  commencement  of  the  cardiac  aorta.  Spiracles  and  a 
spiral  valve  of  the  intestine  are  never  found.  The  optic  nei-ves 
simply  cross  one  another,  or  the  fibres  of  the  one  pass  between  the 
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fibres  of  the  other  without  forming  a  chiasma.  The  gills  are  usually 
comb-shaped,  and,  as  in  the  Ganoids,  lie  freely  in  a  branchial  cavity 
iinder  a  branchial  operculum,  to  which  is  added  a  a  branchiostegal 
membrane,  supported  by  branchiostegal  rays.  The  skeleton  is  char- 
acterised by  the  well  separated,  usually  bony  vertebrse,  and  by  the 
bony  skull,  beneath  which  remains  of  the  primitive  cartilaginous 
cranium  often  persist.  The  skin  is  only  rarely  naked  or  apparently 
without  scales.  In  such  cases  the  scales  are  very  small  and  do  not 
project  from  the  surface ;  more  frequently  bony  plates  and  scutes 
are  present  in  it,  especially  behind  the  head.  As  a  rule  the  skin  is 
covered  by  cycloid  or  ctenoid  scales  which  overlap  one  another. 

The  urinary  and  genital  organs  open 
behind  the  anus  either  separately  or  by  a 
common  aperture  on  a  urogenital  papilla. 
[The  kidney  is  dilated  in  front  to  foi-m 
a  head-kidney,  which,  however,  is  in  the 
adult,  sometimes  if  not  always,  largely 
composed  of  a  tissue  resembling  lymphatic 
tissue  (Balfour).  The  generative  ducts  are 
continuous  with  the  investments  of  the 
generative  glands  in  both  sexes,  and  in  the 
male  there  is  no  connection  between  the 
testis  and  the  kidney.] 

Only  a  few  Teleosteans  are  viviparous ; 
they  almost  all  lay  small  eggs  in  enormous 
numbers  in  protected  places. 

Sub-order  1.  Lophobranchii.  Teleo- 
steans with  armoured  skin,  elongated 
tubular  snout  which  is  without  teeth. 
The  gills  are  in  the  form  of  tufts  and 

-n  Fig.  609. — Male  of  Hippocampus 

the  gill  slits  are  very  narrow.  ^ti,  the  brood-poucif  (5rO. 

Fam.  Pegasidse.  The  body  is  flattened  ;  pectoral  fins  large,  spread  out  like 
wings  ;  pelvic  fins  small.    Pegasus  volans  L.,  East  Indies. 

Fam.  Syngnathidae.  The  body  is  cylindrical  or  laterally  compressed.  The 
gill  openiuo-s  narrow,  and  pectoral  fins  small  ;  males  with  brood-pouches 
(fig.  609).  Si/ngnathi.i  acus  L.,  Pipe-fish  ;  HipjJoeampus  antiqnoi'v  m  Leach., 
Sea-horse,  Mediterranean. 

Sub-order  2.  Plectognathi.  Globular  or  laterally  compressed 
Teleosteans,  with  immovably  fused  maxilla  and  ,pra;maxilla,  and 
narrow  mouth.  The  dermal  armour  is  strong  and  often  bears  spines. 
There  are  usually  no  pelvic  fins.    The  gills  are  comb-shaped. 


PISCES. 


Tribe  1.  Sclerodermi.    Jaws  with  separated  teeth. 
r2uL       ""°"'f*  (Trunk-fiBhes).     Body  cofler-Iikc,  triangular  or  quad- 
of  .rf"l'f  ^-^h  firm  dernml  armour 

mZi       n  r  -"^^  ''"'^'^  only  the  fins  and  tail  are 

Ct  AfHca  ^'^^^  '      'Z-^^-----  l! 

is  !rercTw?r  ^''r'''"'^:  '-^^y  -  'aterally  compressed,  and  the  skin 

L^  lf^l  '  granules,  or  with  hard  rhomboid  scales,  and  is  often 

beautifully  coloured.    BaZuies  maculatus  L.,  Atlantic  and  India^  Oceans 

Tribe  2.  Gymnodontes.    The  jaws  modified  into  a  beak,  with 
cutting  undivided  or  double  dental  plate.    Dor.sal  .spines  absent. 
Fam.  Molidae.    Ort/mf/oriscvs  mala  Bl.  SuJifish 

Fam.  Tetrodontidae  [Globefishes,  Sea-Hedgeh^gs.]  Biodon  hystrix  L., 
Atlantic  and  Indian  Oceans  ;  Tetrodon  cutanevs  Gthr.,  St.  Helena. 

Sub-order  3.  Physostomi.    With  soft  fins  (malacopterygians),  with 


Fig.  610.  —Ostracion  triqueter  (regne  animal). 

comb-shaped  .  gnis  and  separated  jaw  bones.  Pelvic  fins  abdominal 
or  absent.    Swimmmg  bladder  always  with  a  ductus  pneumaticus. 

Fam.  Muraenidae  (Eels).  3/urmna  helena  L.  ;  Amjroilla  angmlla  L.  {vnl- 
gans),  Europe.  At  the  breeding  season  in  autumn  they  migrate  fi-om  the 
rivers  into  the  sea,  and  there  first  attain  sexual  maturity.  The  reproductive 
processes  are  not  perfectly  known,  though  male  and  female  have  been  dis- 
tinguished from  one  another,  and  the  presence  of  both  kinds  of  sexual  organs 
has  been  shown.  In  the  spring  the  young  eels  migi-ate  fi-om  the  sea  into  the 
rivers.    Conger  vulgai'is  Cuv. ,  coasts  of  Europe. 

Fam.  Gymnotidae.  Gymnotus  electricns  L.  (Electric  eel).  Lives  in  the  swamps 
and  rivers  of  South  America,  attains  a  length  of  six  feet,  and  can.  by  means  of 
its  electric  discharge,  knock  down  even  large  animals,  e.g.,  horses!  Celebrated 
by  the  experiments  of  A.  v.  Humboldt. 

Fam.  Clupeidae  (Herrings).  With  tolerably  compressed  body,  which  with 
the  exception  of  the  head  is  covered  by  large,  thin,  easily-detached  scales. 
Cliq^ea  liaremjuR  L.,  the  Herring  of  the  northern  seas.  It  appears  every  year 
at  certain  times,  in  enormous  shoals,  on  the  Scottish  and  Norwegian  coasts. 
The  principal  takes  occur  in  September  and  October.  C.  {^Harcmjula')  Kprattus 
L.,  the  Sprat,  North  Sea  and  Baltic  ;  Eju/rmlift  encraswholns  Kond.,  Anchovv ; 
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Alatim  vulgaris  Cuv.,  Val.,  the  Shad  ;  migrates  in  May  at  the  spawning  season 
from  the  sea  into  the  rivers,  e.g.,  up  the  Bhine  to  Basel,  and  in  the  Main  to 
Wvu-zbiu-g.  Attains  a  length  of  three  feet.  A.  j)ilcliar(lus  Bloch.  Sardine, 
Mediten-anean. 

Fam.  Esocidae  (Pikes).  The  head  is  broad  and  depressed  ;  the  dorsal  fins  are 
placed  far-  back.  Pseiidobranch  glandular,  hidden.  Voracious  carnivorous 
fish,  with  wide  throat  and  powerful  dental  armature.  Ewx  lucius  L.,  Pike  ; 
Umbra  Kramerl  Joh.  Miill. 

Fam.  SalmonidsB.  With  adipose  fin,  simple  swimming  bladder,  and 
niunerous  pyloric  appendages.  The  ovaries  are  sacs  fi-om  which  the  eggs  fall 
into  the  abdominal  cavity.  At  spawning 
time,  which  is  usually  in  the  winter  months, 
the  two  sexes  often  exhibit  striking  dif- 
ferences. They  are  large  predatory  fishes, 
and  belong  principally  to  the  rivers,  moun- 
tain streams,  and  lakes  of  the  northern 
regions.  They  like  clear  cold  waters  with 
stony  bottom ;  but  they  have,  also,  repre- 
sentatives in  the  sea,  which  ascend  the  rivers 
and  their  tributaries  to  spawn.  Coregonus 
WartvMnni  Bloch,  Blaufelchen  ;  in  the 
Alpine  lakes.  Thymallus  vulgaris  Nilss.  ^i^-  611.— Lower  pharyngeal  bones 
(vexillifer),  Grayling  ;  Salmo  salreVmus  L.,      ^^^'^  °*  ^  ''^'P  (^^^^^^ 

Saibling  ;  S.  hvclio  L.,  Huchen,  in  the  region      ^^''^'^  '^"'^ 
of  the  Danube,  a  large  predatory  fish.     S.  salar.,  Salmon  ;  *S'.  lacustris  L. 
(Seeforelle,   Schwebforelle),  in  the  lakes  of  the  Alps  of    Central  Enrope. 

trjitta  L.,  Salmon  or  Sea  trout  ;  S.fario  L.,  Trout. 

Fam.  Cyprinidae  (Carps).  Fresh-water  fish,  vidth  narrow  mouth,  often 
provided  with  barbules.  The  jaws  are  weak  and  without  teeth,  but  the  lower 
pharyngeal  bones  are  abundantly  furnished  with  teeth  (fig.  611).  Cyx^rimis 
i-arjpio  L.,  the  Carp  ;  Carassius  vulgaris  Nilss.,  Crucian  and  Prussian  Carps 
(Karausche) ;  Tinea  vnlgariti  Cuv.,  Tench  ;  Barivs  finviatilis  Ag.,  the  Barbel  ; 


Fig.  Ql2.—S.hodeu8  amarus.  Female  (after  v.  Siebolcl). 
GoMo  Jluriatills  Flem.,  the  Gudgeon  ;  Rhodcus  amarm  Bloch.  (Bitterling). 
The  female  has  an  ovipositor  with  which  she  deposits  the  ova  in  the  gills  of  the 
fresh-water  mussel  (fig.  612).  Alhurmts  Incidus  Heck.  Kner,  the  Bleak  • 
Leucisms  rutihis  L.,  the  Roach ;  L.  cephalus  L.,  the  Chub  :  Chondrostoma 
nasus  L.,  (Nasling)  ;  Arhraniis  brama  Flem.,  Bream  ;  Phoxinus  Uvis  L  Aff 
Minnow. 

Fam.  Acanthopsidae.  The  swimming  bladder  is  contained  in  a  bony  capsule 
CoHtl'<  Msilis  L.;  C.  harhatula  L.,  Loach;  C.  trenla  L..  Spined  Loach  or 
Groundling. 
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CuvT'  ^^yP'-^^^d^'l^i^^^C'i^'^thccl  Carps).  Viviparous.  O.jpriaodon  iLehla, 
Cuv.)  calunta.u.  Cuv.,  South  Europe  ;  Anahlcp.  tetmphthahnux  BI.,  Guiana. 


J.  (Zitterwells),  Nile. 


Fig.  613.— &oeoef((«  Rondeletii  (after  Curier  and  Valenciennes). 

Sub-order  4.  Anacanthini.  Malacopterygians  (soft  fins),  which 
with  regard  to  their  internal  anatomy  are  allied  to  the  Acantho- 
pteri  by  the  absence  of  a  ductus  pneumaticus  ;  usually  with  jugular 
pelvic  fins. 

Fam.  OpMdiidce.  Ophidinm  larhahm  L.,  Mediterraneau :  Ammodytes 
tohiamts  L.,  Sand-eel,  North  Sea. 

Fam.  Gadidae.  Gad^is  movrhiia  (the  Cod).  In  Germany  dried  cod  is  called 
Stockfisch,  salted  cod  Laberdau.    Cod-liver  oil  is  prepared  from  its  liver.  Its 


Fig.  614. — GanterosteuK  acnleatm  {■oStQV  Heckel  and  Kner). 

young  (Dorsch)  were  for  a  long  time  considered  as  a  separate  species  (6^. 
callariaa).  G.  aglvjinvH  L.  Haddoclv,  with  a  black  spot  behind  the  pectoral 
fin.     6*.  L.,  Whiting,  coasts  of  North  Europe:  Mcrlurchts  vnlgaris 

Flem.,  Hake,  Mediterranean  and  Northern  Seas  ;  Lota  vidf/ai-ts  Cuv.,  Burbot, 
Eel-pout,  Cony  fish.    Predatory  fi'esh-water  fish. 

Fam.  Pleuronectidae.  Flat  fishes.  The  body  is  compressed,  disc-shaped,  and 
strikingly  asymmetrical.  The  side  whicli  is  directed  upwards  towai'ds  the  light 
is  [)igmented  (with  change  of  colours)  ;  the  other  is  free  fi'om  pigment.  Both 
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c'ves  are  placed  on  the  pigmented  side,  towards  which  the  head  is  turned  and 
the  arrangement  of  its  bones  shifted  to  correspond  with  this  asymmetry. 
Ilijjjwffldssiis  rulgaru,  Fleni,  the  i;HoIibut,  coasts  of  North  Europe  ;  Mhomius 
■ma.i-lmus  L.,  the  Turbot ;  Rh.  Icevis  Rond.,  the  Brill,  European  coasts ; 
Pleiironectes  2^i^i"^^'^  Ij-^  the  Plaice;  PI.  Umanda  L.,  the  Dab;  Pl.Jicsus  L., 

the  Flounder,  ascends  rivers  ;  Solm  vulr/arix  Quens.,  the  Sole. 

Fam.  Scomberesocidee.    Marine  Malacopterygians,  with  cycloid  scales.  The 

lower  pharyngeal  bones  are  fused  {Phary /if/o/jnathi).    Belonc  acns  Rond., 

Gar-pike  :  Scmnberewx  xanrvs  Walb.  ;  Exofcetns  evolans  L.,  the  Flying  fish. 

The  pectoral  fins  are  strengthened  so  as  to  form  flying  organs.    U.  eivilii'iis  L., 

European  Seas  :  E.  Rondeletli  Cuv. 

Val.,  Mediterranean  (fig.  613). 

Sub-order  5.  Acanthopteri. 

Spiny-rayed  fishes  with  comb- 
shaped  gills;  lower  pharyn- 
geal bones  usually  separate ; 
thoracic,  rarely  jugular  or  ab- 
dominal pelvic  fins.  Swim- 
ming bladder  closed,  without 
ductus  pneumaticus. 

Tribe  1.  Pharyngognathi. 
The  lower  pharjnageal  bones 
are  fused. 

Fam.  Pomacentridae.  Ainjfhi- 
jjrioii  bifasciatus  Bl.,  New  Guinea; 
Pomacentms  fasoiatus  Bloch., 
East  Indies. 

Fam.  Labridae.  The  Wrasses 
(Lippfische).  Brightly  -  colom-ed 
fish,  with  fleshy  protrusible  lips. 
Lahvm  macvlatm  BL,  coasts  of 
Europe;  Cnmilabriis jmvo  Briinn  ; 
Julis pavo  Hassq.,  Mediterranean  ; 
Soarus  crctensis  Aklr.,  Parrot-fish,  Fm.  6l5.-Nest  of  Ga.fcJeL  pungitius  (after 
Mediterranean.  Landois). 

Tribe  2.  Acanthopteri  (s.  str.).    The  lower  pharyngeal  bones  are 
not  fused. 

Fam  Percidae.  Perches.  Fins  thoracic  ;  scales  ctenoid  ;  edge  of  branchial 
operculum  or  prajoperculum  serrated  or  spinous.    There  are  teeth  on  the  pr^- 

M  rfi^Ur'  r"''  ^^'-^^  •^"'^^^^•^  Coi^amon 

rercn  (hg.  .08.3).    A  voracious  fish,  especially  pursues  small  Cyprinoids. 

Labra.rlu2ms  Cuv.,  the  Bass,  Mediterranean ;  Acn-ina  oernva  L..  the  Pope 
3  T  ^'^^"P'^ioa  Sandra  Cuv.,  river  fish  of  South  Europe;  Serranm 
St  .vIk  1  '"JP^^^'^'l^t^'  Mediterranean ;  Gasterosteus  aavlcatus  L.,  the 
fetu^kleback  (fig.  6U)  remarkable  for  forming  a  nest  and  protecting  the  eggs 
and  young;  G.  pnugitius  L.,  ten-spined  Stickleback  (the  Tinker)  (fio-.  615)  • 
6-.  spmachia  L.,  fifteen-spined  Sticklebacic. 
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Fani.  MullidBB,  Mullets.    MhUhs  harbatus  L.,  red  Mullet, 
Fam.  SparidsB,  .Sea-breams,    tianim  IhnddcMi  Cuv.  Val.  ;  Pagellux  ery- 
thrinvx  L.  ;  r/iri/.sojjlirj/ii  aiirata  L.,  Mecliterraiioiui. 

Fam.  TriglidaB.  r'attu-s  gohio  L.,  llivcr  Bullhead  or  Miller's  Thumb  A 
small  fish  found  in  cleai-  brooks  and  streams.  It  hides  beneath  stones,  and 
defends  itself  by  expandiiifr  its  branchial  operculum.  The  male  undei'takes  the 
care  of  the  brood.    C.  sobvpiuH  L..  Sea-scorpion  ;   Trvjla  yuiiurdux  L..  Grey 


'Pia.  Ci\Q.~Zoarce»  mmparut.   ^,  anus;  F,  urogenital  opening. 

Gurnard  ;  Dacti/lojJtcr us  rolita/is  L.,  Flying  Gurnard  ;  Uranoseopm  scaber  L. 
(Sternseher),  Mediterranean  ;  Scorpaina.  porcua  L. :  Trachvmx  draco  L. 

Fam.  Sciaenidse  (Umberfische).  Uvibrina  cirrlwsa  L.,  Mediterranean  ;  Cor- 
vina  nigra  ,Salv.,  Mediterranean  ;  Scifena  aquilla  Risso.,  Mediterranean. 

Fam.  Scomberidae.  Mackerels.  Body  elongated,  more  or  less  compressed, 
sometimes  very  high.  The  skin  is  often  silvery,  and  sometimes  naked,  some- 
times covered  with  small  scales.    There  are  keeled  bony  plates  tin  places, 


Fig.  017. — Lophius  pincutorms  (after  Cuvier  and  Valenciennes). 


especially  near  the  lateral  line.  The  caudal  fin  usually  has  a  semilunar  shape. 
They  constitute,  on  account  of  their  tasteful  flesh,  an  important  object  of  the 
fishing  industry — the  Mackerel  iu  the  North  Sea  and  the  Channel,  the  Tunny 
Fish  in  the  Mediten-anean.  Scomber  seombrux  L.,  Mackerel ;  Zensfaher  L.,  the 
Dory  ;  Tliynnvs  ri/lf/aris  Cuv.,  Val.,  Tunny  Fish  ;  Fdamijs  xarda  Bl.,  Mediter- 
ranean ;  Caranx  trachurtut  L.,  Horse-Mackcrel,  coasts  of  Europe ;  Xipkiaa 
glad'kis  L.,  Swoi-d-fish  ;  Echencis  naihcratex  L.,  Sucking-fish. 
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Fam.  GobiidsB.  Gobies.  Gohim  nigcr  Eond.  ;  G.fluviatilis  Pall.,  Rivers  of 
Italy  and  of  South-west  Russia. 

Fam.  BlenniidsB.  Blennies.  AnnarhicJiaa  iKpiis  L.,  Wolf-fi.s]i ;  Blennius 
pcdlarlt  L.,  Butterfly-fish.  Mediterranean  ;  Zoarces  vivqmruK  Cuv.  (fig.  616), 
viviparous. 

Fam.  TaenioidsB.  Silvery  marine-fish,  with  compressed,  ribbon-lilce,  elon- 
gated-like body.  Travhypterus  fal.r  Cuv.,  Val.  =  Tr.  taenia  Bl.,  Schn.,  Nice  ; 
Ccpola  ruli'Kccnx  L.,  Band-fish,  coasis  of  Eui-ope. 

Fam.  Labyrinthici.  The  upper  pharyngeal  bones  are  hollowed  out  so  as  to 
have  the  form  of  coiled  (meandering)  lamellte  (fig.  59-1),  in  the  spaces  between 
which  the  water  required  to  keep  the  gills  moist  is  retained.  Anabas  scandens 
Dald.,  Climbing  Perch,  Bast  Indies. 

Fam.  Pediculati.  Of  stout'  clumsy  shape.  The  skin  is  naked,  or  covered 
with  rough  prominences.  The  pelvic  fins,  which  are  small  and  placed  on  the 
throat  (jugular),  have  their  so-called  carpal  pieces  elongated,  so  that  they  form 
movable  arm-like  supports  for  the  body,  and  are  in  fact  used  for  hopping  and 
creeping.  Lojildus  piscatnrius  L.,  Angler,  Frog-fish,  etc.  {^drpaxos  of  the 
Greeks),  coasts  of  Europe  (fig.  617)  :  Chironectes  jjiotm  Cuv. 


Order  6. — Dipnoi.* 

Scaly  Fishes  with  branchial  and  pulmonary  respiration,  with  per- 
sistent notochord,  muscular  conus  arteriosus  and  spiral  valve  in  the 
intestine. 

The  Dipnoi  (fig.  618)  form  a  group  so  strikingly  transitional 
between  Fishes  and  Amphibians  that  their  first  discoverer  regarded 


Fig.  618. — Profopferni!  annectens. 


them  as  fish-like  Reptiles,  and  in  more  recent  times  they  have  been 
regarded  as  scaly  Amphibians.  In  theii-  external  form  they  decidedly 
resemble  Fishes.  The  head  is  broad  and  flat,  and  has  small,  laterally 
placed  eyes  and  a  fairly  widely-split  snout,  at  the  extremity  of  which 
are  placed  the  two  nasal  openings.  Directly  behind  the  head  are 
two  thoracic  fin.s,  which,  like  the  similarly-formed  pelvic  fins,  possess 

* '^J^^^f'  "Lepidosiren  paradoxa.    Fine  Monographic."    Prag,  18i5 
Ba?:DistrictinSeSr.'^  gig-tischen  Amphibiums  aus  dem  Wr^.. 

Tot.^SxviL,?8?r'^"'  ^"^  ^^'aturgesoK 

7'rt;,Sri8'71.' '  ^°'''^P*^""      Ceratodus,  a  genus  of  Ganoid  Fishes."  PhU. 
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a  lueinbranons  border  supported  by  rays,  or  {Ceratodua),  like  the  fiii.s 
of  tlie  Crossopterygiaius,  consist  of  a  central  shaft  cov  ered  Ijy  scaly 
skin,  and  of  a  border  provided  with  rays.  The  pelvic  lins  are  phiced 
far  hack.  In  front  of  the  anterior  pair  of  fins  there  is  a  gill  slit  on 
either  side,  above  which  in  the  African  genus  Protopterm  {Rhino- 
cryptis)  three  external  gill  tufts  are  retained  till  late  in  life.  In  the 
Brazilian  genus  Lepidosiren  external  gills  are  absent. 

The  Dipnoi  show  themselves  to  be  fishes  by  the  possession  of  gills 
as  well  as  by  the  external  form.  There  are  either  four-  gills  {Cera- 
todus)  as  in  fishes,  or  their  number  is  reduced.  The  structure  of 
the  skeleton  points  decidedly  to  the  Ganoids,  to  which  the  Z>i;r/ioi 
are  in  other  respects  closely  related.  In  Le2ndosiren  the  notochord 
persists  as  a  continuous  cartilaginous  cord,  from  the  fibrous  sheath 
of  which  dorsal  and  ventral  bony  arches  with  ribs  project.  In  front 
the  notochord  is  prolonged  into  the  base  of  the  skull,  whdch  remains 
at  the  stage  of  the  primitive  cartilaginous  cranium.  It  is,  however, 
covered  by  some  osseous  pieces.  The  facial  bones  of  the  head  are 
much  more  developed,  especially  the  jaws,  whose  teeth  consist,  as  in 
Chimcera,  of  perpendicularly-placed  cutting  plates  or  {Ceratodus) 
recall  those  of  Cestracion.  The  intestine  contains  a  spiral  valve, 
which  terminates  at  some  distance  from  the  cloaca.  The  cloaca 
contains  the  sexual  opening,  and  the  openings  of  the  ureters  in  its 
i^ide  walls  ;  it  opens  to  the  exterior — sometimes  to  the  right  side, 
and  sometimes  to  the  left,  and  on  its  posterior  side  there  is  in  Lepi- 
dosiren an  independent  uiinary  bladder. 

On  the  other  hand,  the  respiration  by  means  of  lungs  and  the 
structure  of  the  heart  indicate  a  relationship  to  the  naked  Amphibia. 
The  cai'tilaginous  nasah  capsules,  as  in  all  lung -breathing  animals, 
open  behind  into  the  mouth  by  apertures,  which  perforate  the  roof 
of  the  mouth,  and  are  placed  far  forward,  directly  behind  the  extre- 
mity of  the  snout.    The  swimming-bladder  is  represented  by  two 
sacs  (in  Ceratodus  only  one)  placed  outside  the  body  cavity,  ventral 
to  the  kidney,  and  opening  into  the  ventral  wall  of  the  pharynx  by 
means  of  a  short  common  duct.    These  sacs  fimction  as  lungs, 
inasmuch  as  they  obtain  venous  blood  from  a  branch  of  the  posterior 
aortic  arch  and  retui'n  arterial  blood  to  the  heart  by  pixlmonary 
veins.    To  this  agreement  with  the  Amphibia  may  be  added  the 
similar  arrangement  of  the  heart  and  the  principal  trunks  of  the 
vascular  system,  the  incompletely  divided  right  and  left  auricles 
and  the  double  circulation.    There  is  a  muscular  conus  arteriosus 
which  either  has  an  ari-angement  of  valves  like  that  in  the  Granoids 
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(Ceratodus)  or  contains,  as  in  the  frogs,  two  lateral  spiral  longitudinal 
folds,  which  fuse  at  their  anterior  end  and  effect  the  division  of  the 
lumen  into  two  (for  the  branchial  arteries  and  the  pulmonary- 
vessels). 

Sub-order  1.  Monopneumona.  The  body  is  covered  with  large 
cycloid  scales  (fig.  619  a).  Vomer  with  two  oblique  incisor-like  dental 
lamellie.  Palate  armed  with  a  pair  of  large  and  long  dental  plates 
(molars),  which  have  a  flat  undulated  surface  and  five  or  six  sharp 
prongs  on  the  outer  side.  Lower  jaw  with  two  similar  dental  plates 
(fig.  619,  c).  Fins  as  in  the  Crossopterygii,  with  scaly  shaft  and 
rayed  border  on  each  side  (fig.  619,  h).  The  valves  in  the  conus 
arteriosus  rather  resemble  those  of  the  Ganoids. 


Fig.  619.-0,  Ceratodus  miolepls.    b,  its  pectoral  fin  (after  Gunther). 

dental  plates  of  Ceratodus  Forsteri  (after  Krefift). 


c,  lower  jaw  with 


Branchial  apparatus  formed  of  five  cartilaginous  arches  and  four 
gills.  Pseudobranchs  (hyoidean)  are  present.  The  lung  is  composed 
of  two  symmetrical  cellular  halves.  The  two  ureters  open  on  the 
dorsal  side  of  the  cloaca  by  a  common  opening.  There  is  a  pair  of 
wide  peritoneal  slits  (abdominal  pores)  behind  the  anus.  The  Mono- 
pneumona feed  on  leaves,  which  they  tear  off  with  their  incisor  teeth 
and  masticate  with  their  molars.  They  make  use  of  the  lungs  in  re 
spu-ation  principally  when  the  muddy  water  is  saturated  with  cases 
from  organic  matter.    They  have  existed  since  the  Triassic  period. 

Fam.  Ceratodidae,  with  the  single  genus  Cerafodvs  Ag.  C.  Forsteri  Krefft 
feet.    Its  flesh  is  salmon-like  and  much  esteemed  as  food. 

Sub-order  2.  Dipnenmona.  Fins  narrow,  with  jointed  cartilaginous 
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shaft  and  rays  only  on  one  side.  Gills  more  reduced.  Valvular 
arrangement  of  conus  arteriosus  like  that  in  the  BatratOiians.  Luntrs 
paii-ed. 

Fam.  LepidosirenidsB.  Protnpterm  anncotem  (fig.  018)  Owen,  tropical  Africa  • 
lA-pidosiretb  paradoanin  Fitzg.,  Brazil.  ' 


CHAPTER  VI. 

Class  II.— AMPHIBIA.- 

Cold-blooded  animals  usually  with  a  naked  skin,  with  pulmonary 
and  branchial  respiration,  and  incompletely  double  circulation.  The 
embryos  have  neither  amnion  nor  allantois. 

The  external  form  of  the  body  is  adapted  both  for  an  aquatic  and 
a  terrestrial  life.    It  presents,  however,  considerable  variations  lead- 


Ms 


Us 


Fig.  620.— Larva  of  Salamandm  maculata  (after  Malbranc).    Mx,  median,    Us,  lower 

lateral  line. 

ing  to  the  creeping,  climbing,  and  jumping  land  animals.  An 
elongated,  cylindrical,  or  more  compressed  foi-m  is  the  most  frequent, 
and  the  body  often  ends  with  a  large  compressed  swimming  tail. 
Limbs  may  be  absent,  as  in  the  cylindrical  Casciliidce,  which  live 
underground  in  damp  earth.  In  other  cases  there  are  only  short 
anterior  Umbs  [Siren),  or  anterior  and  posterior  stumps,  which  have 
a  reduced  number  of  toes  and  are  unable  to  raise  the  serpentining 
body  from  the  ground.  Even  when  the  extremities  have  a  con- 
siderable size  and  end  with  four  or  five  digits,  they  act  rather  as 
pushing  'organs  in  the  movement  of  the  elongated  and  flexible 
body.  The  Batrachians,  which  have  shoi-t  and  stout  bodies  and  are 
without  a  tail  in  the  adult  state,  alone  possess  powerful  Umbs  adapted 
for  rvmning  and  jumping,  and  even  for  climbing. 

The  skin,*  which  is  of  great  impoi-tance  not  only  as  a  secretory 

*  Wagner,    "  Natiirliches  System  der  AmpMbien."    Munich,  18.S0. 
Dumdril  ct  Bibron.    "  Erpctologie  generate,  etc."    Paris,  18.S4-1854. 

*  Fr.  E.  Schulze,    "  Epithel-nnd  Driisenzcllen.    I.  Die  Oberhaut  dor  Fische 
imd  Amphibien."    Arch.fur  wikrosk.  Anatumie,  Tom.  III. 
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but  also  as  a  respii-atory  organ,  is  as 
a  rule  naked  and  slimy.  The  Cveciliidce 
alone   possess    thickened  cutaneous 
rings,  in  which  scales  are  imbedded. 
The  sense  organs  of  the  lateral  line 
(tig.  620)  also  are  present   in  the 
aquatic  forms,  especially  in  the  larval 
condition.    Glands  and  pigments  are 
very  generally  present  in  the  integu- 
ment.    The    former    often  secrete 
strongly  smelling  and  caustic  juices, 
which  act  as  poisons  on  other  or- 
ganisms [parotid  glands,  as  well  as 
glands  on  the  sides   and  posterior 
extremities).    The  various  colourings 
of  the  skin  are  principally  due  to 
branched  pigment  cells  of  the  cutis. 
The  change  of  colour  in  the  Frogs — 
a  phenomenon  which  has  been  known 
for  some  time — is  caused  by  changes 
in  the  form  of  these  cells. 

Skeleton.— Although  a  notochord 
may  persist  (Cceciliidm,  Proteus),  yet 
bony,  at  first  biconcave  vertebrte,*  are 
always  developed,  and  are  separated 
by  intervertebral  cartilages.  In  the 
Salamandrina  the  cartilage  in  the 
intervertebral  regions  grows  con- 
siderably and  gradually  supplants  the 
notochord,  the  remains  of  which  be- 
come cartilaginous.  As  the  result 
of  further  differentiation  of  the  inter- 
vertebral cartilages,  the  rudiments  of 
an  articular  head  and  an  articular 
cup  are  developed,  which,  however, 
are  only  completely  separated  in  the 
Batrachians  provided  with  procoelous 

*  Compare  especially  C.  Gegenbaur,  "  Un- 
tersuchungen  zur  vergleichenden  Anatomie 
der  Wirbelsaiile  bei  Amphibien  und  Repti- 
lien,"  Leipzig,  18f)2.  ^ 
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Fig.  621.— Skeleton  of  Menopoma  al 
leghanunse.  Ocl,  Exoccipital ;  P,  pari- 
etal ;  F,  frontal ;  Ty,  tympEinic ;  JPe 
petrous  (prootic);  Mx,  maxilla;  Jmx 
prtemaxilla ;  N,  nasal ;  Fo,  vomer ;  Et 
gii'dle  bone  (sphen-ethmoid) ;  Pf 
pterygoid ;  So,  pectoral  arch ;  Jl,  pel 
vie  arch  ;  S,  sacral  vertebra ;  R,  ribs. 
h,  hyoid  aparatus  (remains  of  hyoid 
{Zb)  and  branchial  arches  [Kb) 
12 
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vertebi-jB  *  Tlie  number  of  vertebrae  is  usually  considerable,  in 
accordance  with  the  elongated  form  of  body ;  ),ut  in  the  Batrachia 
the  vertebral  column  consists  of  only  ten  vertebrse  with  very  long 
transverse  processes,  which  usually  at  the  same  time  represent  the 
ribs ;  while,  with  tlie  exception  of  the  first  vertebra  which  in  modified 
to  foi-m  the  atlas,  almost  all  the  vertebra?  of  the  trunk  possess  small 
cartilaginous  rudiments  of  ribs.  The  sacral  region  is  formed  by  a 
single  vertebra  (fig.  621), 

Skull.— The  primordial  cartilaginous  cranium  persists,  but  usually 
loses  its  roof  and  floor,  and  is  partly  replaced  by  bony  pieces,  some  of 
which  are  ossifications  of  the  cartilaginous  capsule  {exoccipitals, 
auditory   capsules,    sphen-ethmoid,  quadrate),    while    others  are 


Ocl  pe 


Pe    £s    Ocl  Pt 


«^  b 

Pig.  622.— Skull  of  Sana  eaculenta  (after  Ecker).  a,  ftrom  tlie  dorsal,  J,  from  the  ventral 
side  ;  [Membrane  bones  of  one  side  removed  in  each  case].  Ocl,  exoccipital ;  Pe,  petrosal 
(prootic) ;  Et,  gu-dle-bone  or  sphen-ethmoid ;  Ty,  tympanic  ;  Fp,  fronto-parietal ;  /, 
quadrato-jugal  (Jugal);  Mx,  maxillary;  Jmx,  prsem  axillary ;  N,  nasal;  P»,  para- 
sphenoid  ;  Ft,  pterygoid ;  Fl,  palatine ;  V,  vomer. 

investing  bones  (parietals,  frontals,  nasals,  vomer,  parasphenoid) 
(fig.  622).  As  in  Lejndosiren  the  basi-  and  supra-occipital  remain 
as  small  cartilaginous  tracts.  There  is  also  a  parasphenoid  on  the 
base  of  the  skull  (fig.  622,  Fs).  The  large  exoccipitals  (Ocl)  (fused 
with  the  02nsthotic)  articulate  by  means  of  two  condyles  wdth  the  first 
vertebra,  as  in  the  Mammalia.  The  projecting  auditor)^  region  is 
pierced  by  the  fenestra  ovalis,  and  the  bone  in  its  anterior  part 
corresponds  to  the  prootic  {Pe).  The  lateral  walls  of  the  skull 
remain  cartilaginous,  but  in  the  ethmoid  region  there  is  a  ring- 
shaped  bone — the  girdle  bone,  or  sphen-ethmoid. 


*  [For  a  fuller  account  of  the  development  of  the  Amphibian  vertebral 
column,  vide  Balfour,  "  Comparative  Embryology,"  vol.  ii.,  p.  45fi  rt  seq.'\ 
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As  in  Lepidosiren  the  mandibular  arch,  is  firmly  connected  with 
the  skull.    The  mandihidar  suspensorium  and  the  palato-quadrate 
are  in  dii-ect  connection  with  the  cartilaginous  cranium,  and  form 
on  either  side  a  wide  outstanding  infra-orbital  arch,  tiie  anterior  end 
of  which  either  remains  free  or  fuses  with  the  ethmoid  cartilage. 
The  ossification  appearing  at  the  end  of  the  suspensorium  gives  rise 
to  the  quadrate,  while  a  membrane  bone,  almost  hammer-shaped  and 
overlying  the  suspensorial  cartilage,  is  called  the  squamosal  or  perhaps 
more  correctly  tympanic  {Ty).  Two  membrane  bones  extend  forward 
along  the  lower  side  of  the  palato-quadrate  bar — the  pterygoid  (Pt) 
behind  and  the  palatine  {PI)  in  front.    The  palatine  is  transversely 
placed  behind  the  vomer.    The  outer  arch  of  the  upper  jaw,  formed 
by  the  j^rcernaxillary  and  maxillary  bones  {Jmx,  Mx)  may  by  means 
of  a  third  posterior  bone— the  quadrato-jugal  (J)— he  continued  back 
to  the  quadrate,  but  in  many  Perennihranchiata  it  is  incomplete,  the 
maxillaries  being  absent.    The  skeleton  of  the  visceral  arches  is  more 
or  less  considerably  reduced  in  correspondence  with  the  retrogression 
of  branchial  respiration.    In  the  perennibranchiate  Amphibia  (Am- 
phibia with  giUs  throughout  life)  the  visceral  arches  are  more 
numerous,  and  present  an  arrangement  similar  to  that  found  only 
transitorily  in  the  larvae  of  the  other  forms.    In  the  Salamandrina, 
m  addition  to  the  hyoid  arch,  the  remains  of  two  branchial  arches 
persist;  while  in  adult  Batrachians  only  a  single  pair  of  arches  is 
retained  on  the  hyoid  bone.    This  branchial  rudiment  is  attached 
to  the  posterior  edge  of  the  body  of  the  hyoid  bone,  and  serves  as 
a  suspensorium  for  the  larynx. 

.  In  the  pectoral  girdle  three  parts  may  be  distinguished-the 
scapula,  the  prcecoracoid,  and  the  coracoid,  to  which  a  dorsal  cartila- 
gmous  supra-scapula  is  added.  While  in  the  tailed  Amphibia  ( Urodela) 
the  arch  is  interrupted  below,  in  the  Batrachia  the  two  halves  are 
jomed  to  each  other  in  the  middle  ventral  line,  as  well  as  to  a 
posterior  plate  which  has  the  value  of  a  sternum,  and  an  anterior 
plate  known  as  the  episternum.  The  pelvic  girdle  is  characterised 
by  the  narrow  form  of  the  iliac  bones,  which  are  attached  to  the 
strong  transverse  processes  of  a  single  vertebra,  and  at  their  posterior 
end  are  fused  mth  the  ischiac  and  pubic  bones 

The  nervous  system  is  higher  in  several  respects  than  that  of  the 
fishes.  The  bram  (vol.  i.,  fig.  80)  is  certainly  in  all  cases  small,  but 
the  hemispheres  are  large  and  the  differentiation  of  the  thalamen- 
cephalon  and  mesencephalon  is  further  advanced.  The  optic  lobes 
reach  a  considerable  size,  and  the  medulla  oblongata  encloses  a  wide 
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fourth  ventricle.  The  cranial  nerves  have  the  same  relations  as  in 
the  Fishes,  since  not  only  are  the/acial  nerves  and  the  nerves  supply- 
ing the  muscles  of  the  eye  often  connected  with  the  triyeminal,  but 
the  glossopharyngeal  and  the  sjrinal  accessory  are  represented  by 
branches  of  the  vagtos.  The  hyjjoglossal  is,  as  in  the  Fishes,  the  first 
spinal  nerve. 

With  regard  to  the  sense  organs  the  two  eyes  may  be  rudimentary 
and  concealed  beneath  the  skin  {Proteus,  Coecilvidai).  In  the  Feren- 
nibranchiata  eye-Ms -M-e  completely  absent,  while  the  Salamandrina 
have  an  upper  and  lower  eye-lid,  and  the  Batrachiums,  except  Pipa, 
have,  besides  the  upper  eye-lid,  a  large  very  movable  nictitating 
membrane,  with  which  a  rudimentary  lower  eye-Hd  co-exists  only  in 
Bufo.  In  the  Batrachians  there  is  a  retractor  muscle  by  means  of 
which  the  large  bulb  of  the  eye  can  be  drawn  back.  The  structui-e 
of  the  auditory  organ  *  of  the  Amphibia  I'esembles  that  of  Fishes.  It 
is  usually  confined  to  the  labyrinth  with  three  semi-circular  canals;  in 
the  Batrachians  alone  there  is  a  tympanic  cavity,  which  communicates 
with  the  pharynx  by  means  of  a  wide  Eustachian  tube,  and  is  closed 
externally  by  a  tympanic  membrane,  which  is  sometimes  freely 
exposed  on  the  surface  and  sometimes  covered  by  the  skin.  The 
tympanic  membrane  is  connected  with  the  fenestra  ovalis  by  a  small 
cartilaginous  rod  (remains  of  the  hyomandibular)  with  a  cartila- 
ginous plate  {columella  with  ojjerculum).  When  there  is  no  tympanic 
cavity  these  structu.res  are  covered  by  muscles  and  skin.  The  cochlea, 
which  was  first  discovered  by  Deiters  in  the  frog,  is  probably  present 
in  all  Amphibia.  The  olfactory  organs  are  always  pau-ed  nasal 
cavities,  which  are  provided  with  folds  of  the  mucous  membrane 
and  open  internally  either  anteriorly  within  the  lips,  or,  in  the 
Batrachians  and  Salamandrines,  further  back  between  the  maxillaries 
and  palatines.  The  external  skin,  which  is  richly  supplied  with 
nerves,  is  to  be  regarded  as  the  seat  of  the  tactile  seoise.  The  posses- 
sion of  the  sense  of  taste  is  indicated  by  the  presence  of  taste  papillfe 
on  the  tongue  of  the  Batrachians.  The  Amphibia  certainly  swallow 
their  food  unmasticated,  and  the  tongue  also  subserves  other  func- 
tions ;  for  instance,  in  the  Batrachia  it  is  used  as  a  prehensile  organ . 

Alimentary  canal. — The  mouth  is  a  wide  slit.  The  vomers, 
palatines,  and  jaws  are  usually  armed  with  sharp  backrwardly  cui-ved 
teeth,  which  are  used  not  for  mastication,  but  for  holding  the  prey. 
Teeth  are  seldom  absent,  as  in  Pip)a  and  some  Toads  ;  but  in  the  Frogs 
they  are  always  present  on  the  upper  jaw  and  palate. 

*  Compare  especially  the  works  of  Deiters,  Hasse,  and  Eetzius. 
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The  respiratory  and  circulatory  organs  resemble,  in  essential 
points,  those  of  the  Dipnoi,  and  stamp  the  Amphibia  as  connecting 
links  between  the  aquatic  animals  which  breathe  by  gills  and  the 
higher  Vertebrates  with  pulmonary  respiration.     In  all  cases  there 
are  two  lung  sacs,  either  simple  or  pro^dded  with  cellular  spaces ;  but 
in  addition  to  these  there  are,  either  in  the  larva  or  in  the  adult 
animal  {Perennihranchiata,  fig.  58),  three  (or  four)  pairs  of  gills, 
which  sometimes  lie  in  a  cavity  covered  by  a  reduplication  of  the 
skin  and  provided  with  an  external  opening,  and  sometimes  project 
freely  on  the  neck  as  branched  or  tufted  cutaneous  appendages.  The 
respiratory  movements  are  effected,  in  the  absence  of  a  thorax 
capable  of  distension  and  contraction,  by  the  muscles  of  the  hycid 
bone  and  by  the  abdominal  muscles.    The  unpaii-ed  air-tube  (trachea), 
which  is  supported 
by  cartilaginous 
rods,  is  usually  ex- 
ceedingly short  and 
wide,  like  a  larynx, 
and  in  the  Anitra, 
alone  is  developed 
to   form    a  vocal 
organ,  which  pro- 
duces loud  croak- 
ing sounds  and  is 
in  the  male  sex  fre- 
quently reinforced 
by  a  resonating  ap- 
pai-atus,  •  consisting 
of  one  or  two  sacs  communicating  with  the  buccal  ca\T.ty. 

As  long  as  the  respiration  is  carried  on  entirely  by  means  of  gills 
the  structure  of  the  heart  and  the  arrangement  of  the  principal 
arterial  trunks  are  the  same  as  in  Fishes.  Latei',  when  the  pulmonary 
respiration  begins,  the  ck-culation  becomes  double  and  the  auricle 
becomes  divided  by  a  septum  into  a  right  and  left  chamber,  of  which 
the  right  receives  the  veins  from  the  body,  the  left  those  from  the 
lungs.  The  ventricle,  on  the  contrary,  still  remains  single,  and 
therefore  contains  mixed  blood.  It  leads  by  a  muscular  rhythmically 
pulsating  conus  arteriosus  into  the  ascending  aorta  with  the  reduced 
vascular  arches. 

In  the  first  period  of  larval  life  there  are  four  pairs  of  vascular 
arches,  which  surround  the  phaiynx  without  di\dding  into  capillaries 


Pig.  623.— Aortic  arches  of  an  old  frog  larya  (from  Bergmann 
and  Leuckart).  Aa,  the  aortic  arches  uniting  into  the 
descending  aoi-ta  {Ad) ;  Ap,  pulmonary  artery ;  Kg,  cepha- 
lic arteries ;  Br,  gills. 
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and  unite  beneath  the  vertebral  column  to  form  the  two  roots  of  th 
descenc  mg  „orta.    With  the  appearance  of  gill„  the  three  anterior 
paars  of  arche.  give  off  vascular  Ioop„,  which  form  the  sy.tem  of  l 
bmnchml  capllane.,  while  the  dor».I  parts  of  the  arches  unite  with 

Za  W  623"  '°  °'  '^""^"^ 

of 'th!  '™'-"';;'-7''-.-<=''.  -Moh,  moreover,  is  frequently  a  branch 
of  the  th„.l  (Batou^hians),  or  arises  in  a  common  ostium  with  the 
latter  on  rf,e  bulbus  (Salamarider),  has  no  .elation  to  the  branchial 
respiration,  and  leads  directly  into  the  root  of  the  aorta.    It  is  this 

posterior  vascular 
arch  which  sends 
a  branch,  one  on 
each  side,  to  the 
developing  lungs 
(fig.    624,  Ap), 
and  so  constitutes 
the  first  rudiments 
of  the  pulmonary 
arteries,  which 
soon   increase  in 
size  and  import- 
ance.    In  the 
Perennibranchi- 
ates  these  ar- 
rangements per- 
sist in  essentials 
through  life,  but 
in  Batrachians 
and  Salamanders 
the  disappearance  of  the  gills  is  followed  by  further  reductions,  which 
lead  to  the  arrangement  of  vessels  found  in  the  higher  Vertebrates. 
With  the  atrophy  of  the  branchial  capillaries  the  connection  between 
the  bulbus  arteriosus  and  the  descending  aorta  is  again  represented 
by  simple  arches,  which  are  in  part  reduced  to  narrow  canals  or  even 
to  solid  cords  of  tissue  (ductus  Botalli)  (fig.  624  and  fig.  59).  The 
anterior  arch  sends  off  branches  to  the  tongue,  and  also  the  carotids, 
at  the  origin  of  which  there  is  a  swelling— the  so-called  carotid  gland 
(fig.  624).    The  two  middle  arches  form  the  roots  of  the  descending 
aorta  and  branches  may  be  also  given  off  from  them  to  the  head.  The 
posterior  arches,  which  at  their  origin  are  often  fused  with  the  preced- 


FiG.  624.— Heart  and  principal  arteries  of  a  toad.  Ad,  Rio-ht 
aortic  arch ;  A,,  left  aortic  arch ;  Ca,  carotid ;  Cd,  carotid 
gland;  Ap,  pulmonary  artery;  H,  cutaneous  arteiy;  M, 
mesenteric  artery.  ' 
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ing,  give  rise  to  tlie 
pulmonary,  arteries, 
a  narrow  ductus 
Botalli,  the  lumen 
of  which  is  some- 
times obliterated, 
bfeing  usually  re- 
tained. Vessels  for 
the  head  and  occi- 
pital region  are  of- 
ten given  oflf  from 
the  roots  of  the 
aorta.  In  the  Ba- 
trachians,  which,  in 
consequence  of  the 
union  of  the  two 
posterior  branchial 
arches,  possess  only 
three  vascular 
arches,  the  aortic 
root  is  the  pro- 
longation of  the 
middle  arch  on  each 
side,  and  gives  off 
the  vessels  of  the 
scapular  region  and 
the  anterior  ex- 
tremity, and  often, 
also,  on  one  side  an 
artery  to  the  viscera 
(mesenteric  artery). 
The  posterior  arch 
sends  off  the  pul- 
monary arteries  and 
a  sti"ong  trunk  to 
the  skin  of  the  back, 
but  does  not  retain 
its  connection  with 
the  roots  of  the 
aorta.  As  in  Fishes, 


Frs.  625.— a,  Urinary  and  genital  apparatus  of  the  left  side 
from  a  male  Salamander,  partly  diagrammatic.  T,  testes ;  Ve, 
vasa  efferentia ;  iV,  kidney  with  collecting  urinary  tubules  ; 
Mg,  Miillerian  duct;  Wg,  Wolffian  duct  or  vas  deferens;  Kl, 
cloaca ;  X»r,  prostate  glands,  b.  Urinary  and  genital  ap- 
paratus  of  the  left  side  of  a  female  Salamander  without  the 
cloacal  part.  Ov,  Ovary ;  iV,  kidney ;  m,  the  urinary  duct 
corresponding  to  the  Wolffian  duct ;  Mg,  oviduct  or  Mul- 
lerian  duct. 


there  is  a  renal-portal  system,  as  well  as  an  hepatic-portal  system. 
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Tlie  lymphatic  vessels  of  the  Amphibia  jK^company  the  blood- 
vessels as  plexuses,  or  as  wide  lympliatio  sumses.  In  certain  places 
the  lymph  receptacles  are  rhythmically  contractile,  and  have  the 
value  of  lymph  hearts.  In  the  Salamanders  and  Frogs  there  are  two 
lymph  hearts  beneath  the  dorsal  integument  in  the  scapular  region 
and  two  close  behind  the  ileum.  Of  the  vascular  glands  the  most 
noteworthy  are  the  thymus,  which  is  always  paired,  and  the  nplem, 
which  is  never  absent. 

The  urinary  organs  (fig.  625)  are  paired  kidneys,  the  numerous 
collecting  tubules  of  which  enter  the  ducts  of  the  primitive  kidney ; 
these  open  on  wart-like  protuberances  on  the  dorsal  wall  of  the  cloa^! 
The  urinary  bladder  is  an  unpaired  diverticulum  of  the  ventral  wall 
of  the  cloaca  ;  it  is  usually  bifid  at  its  free  end. 

In  all  cases  there  is  a  close  relation  between  the  urinary  organs 
and  the  efferent  ducts  of  the  generative  organs  (fig.  625)'    As  in 
the  higher  Vertebrates  the  primitive  kidney  (Wolffian  body  or 
mesonephros)  in  part  becomes  the  epididymis  and  the  efferent 
apparatus  of  the  testis,  so  also  in  the  Amphibia  a  part  at  least  of  the 
primitive  kidney,  which  in  these  animals  persists  as  a  urinaiy  organ, 
functions  as  epididymis.  The  vasa  efierentia  sink  into  the  kidneys  and 
become  connected  \\dth  the  urinary  tubules,  and  thus  conduct  their 
contents,  usually  by  means  of  a  common  duct,  into  the  terminal 
portion  of  the  duct  of  the  primitive  kidney,  which  functions  as  a 
urogenital  duct.    In  the  Salamanders  there  are,  in  addition,  glands 
called  prostate  glands  on  the  wall  of  the  cloaca.     In  the  female 
sex  the  Miillerian  duct,  which  is  rudimentary  in  the  male,  assumes 
the  function  of  oviduct.    This  duct  begins  with  a  free  funnel-shaped 
dilated  opening  into  the  body  cavity,  takes  a  sinuous  course,  and  opens, 
often  after  forming  a  uterus-like  dilation,  with  the  urinary  duct 
laterally  into  the  cloaca,  in  the  wall  of  which,  in  the  Salamandrina 
according  to  v.  Siebold's  discovery,  saccular  glands  functioning  as 
seminal  receptacles  are  placed.    A  complete  hermaphroditism  seems 
never  to  occur,  although  in  the  male  Toad,  especially  in  Btifo 
variabilis,  rudiments  of  the  ovaries  have  been  found  near  the  testes. 

Males  and  females  are  often  distinguished  by  their  size  and  colour, 
and  also  by  other  peculiarities  (vocal  sacs),  which  are  especially  pro- 
minent at  the  breeding  season  in  spring  and  summer.  In  spite  of 
the  absence  of  external  organs  of  copulation,  sexual  intercourse  takes 
place,  but  it  usually  consists  merely  of  an  external  approximation  of 
the  two  sexes  (Batrachians),  and  has  for  its  consequence  a  fertilisation 
of  the  eggs  outside  the  body  of  the  mother.    The  male  Salamanders 
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alone  have  copulatory  organs  in  the  form  of  the  swollen  lips  of  the 
cloaca,  which  dviring  copulation  clasp  the  cloacal  ajjerture  of  the 
female,  and  thus  render  an  internal  fertilization  possible.  In  this 
c  ise  the  eggs  can  undergo  their  development  within  the  body  of  the 
female,  and  the  young  be  born  at  a  more  or  less  advanced  stage  of 
development. 

It  is  only  in  exceptional  cases  that  the  parents  have  an  instinct 
which  leads  them  to  watch  over  the  further  fate  of  their  brood,  as 
for  example  Alytes  (fig.  626)  and  the  South  American  Surinam 
Toad  {Pipa  dorsigera).  The  male  of  Alytes  winds  the  string  of  eggs 
round  its  hind  legs  and  burrows  into  the  damp  earth,  and  only  gets 
rid  of  his  load  when  the  embryonic  development  is  completed.  The 
male  of  Pipa  places  the  eggs  when  laid  on  the  back  of  the  female, 
which  then  develops  a  cell-like  pouch  round 
each  egg.  The  larvae  are  hatched  and  undergo 
their  metamorphosis  in  these  pouches.  In 
other  genera,  as  Notodelphys,  the  females 
possess  a  spacious  brood-sac  beneath  the  dor- 
sal integument.  Except  in  these  cases,  the 
eggs  are  either  attached  singly  to  water  plants 
{Tritonidce)  or  laid  in  strings  or  irregulai- 
clumps. 

Development.— The  eggs,  which  are  rela- 
tively small,*  undergo  an  unequal  segmenta- 
tion (vol.  i.,  fig.  104)  after  fertilization.  The 
Amphibia  agree  with  the  Fishes  in  not  Fig.  &m.—Ahjte^  obdetricam. 
developing  an  amnion  or  allantois  —  thQ  ^^^^  with  the  string  of  eggs, 
embryonic  membranes  of  such  importance  in  the  higher  Verte- 
brates. In  the  Amphibians,  however,  the  urinary  bladder  which 
arises  from  the  ventral  wall  of  the  cloaca  is  morphologically  equiva- 
lent to  the  allantois.  The  embryos  are  also  without  any  external 
yolk-sac  constricted  off  from  the  body,  the  yolk  being  enclosed  at  an 
early  period  by  the  ventral  plates.    As  respiratory  organs  gills  are 

K5nig;b?rg,''l8.S!^'''  "  Ei^t"'ickelungsgescWchte  der  Thiere,"  II., 

Eeichert,  "  Das  Entwickelungsleben  im  Thierreich,"  Berlin  1840 

J:^.SS^Z^t'  ''^'"''OW^--'      metamorphose  do  la  Sala- 

A.  G6tte,;'Entwickelungsgeschichte  der  Unke,"  Leipzig  1874 
Jn.:  gS.!?om"?fv''ls"L''™  ^''""""^^       Wirbelthiere, " 
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developed  on  the  visceral  arclies ;  they  usually  only  reach  their  full 
development  in  larval  life.  The  young  are  always  hatched  at  an 
early  stage,  and.  undergo  a  metamorphosis.  The  larva  when  hatched 
recalls  the  piscine  type  by  the  laterally  compressed  swimming  tail, 
and  by  the  possession  of  external  gills  (fig.  627) ;  it  is  still  without 
the  two  pairs  of  limbs,  which  only  sprout  out  as  the  gi-owth  of  the 
body  progresses.  During  these  processes  the  lung  sacs  which  have 
grown  out  on  the  pharynx  begin  to  function,  sometimes  (Batrachia) 
after  the  external  gills  have  been  replaced  by  internal  branch ijil 
leaflets  covered  by  the  skin,  and  a  branchial  slit  has  been  formed  on 
the  side  of  the  neck  to  allow  of  the  exit  of  the  water  (fig.  111). 
Finally  the  branchial  respiration  is  completely  lost  in  consequence 
of  the  atrophy  of  the  gills  and  their  vessels,  the  tail  becomes  shorter 
and  shorter  and  finally,  in  the  Batrachia  ?it  least,  completely  vanishes. 
In  the  other  groups  the  later  or  earlier  phases  of  the  developmental 
series  are  maintained   throughout    the  whole  life;   thus  in  the 


Fig.  627.— Larva  of  Dactyletkra  (after  Parker). 


Salamandrince  the  tail,  and  in  the  Perennihranchiata  the  gills  also, 
or  at  least  the  external  gill  slits  {Derotrema)  persist,  and  the  extre- 
mities remain  rudimentary,  or  even  the  anterior  pair  alone  are 
developed.  Accordingly  the  series  of  forms  indicated  by  the  classifi- 
cation of  these  animals  offers  a  strikingly  close  parallel  to  the  suc- 
cessive phases  of  the  developmental  history  of  the  individual  forms. 

The  Amphibia  frequently  live  in  water  only  during  larval  life ; 
as  terrestrial  animals  in  the  adult  state  they  choose  damp  shady 
places  near  water,  since  the  cutaneous  respiration  necessitates  in  all 
a  moist  atmosphere.  The  food  almost  always  consists  of  insects  and 
worms,  but  in  larval  life  principally  of  vegetable  matters.  The  need 
of  food  is,  however,  relatively  small,  in  correspondence  with  the  low 
energy  of  the  vital  processes,  with  the  sluggishness  of  their  move- 
ments and  psychical  manifestations.  The  Amjjhibia  can  live  for 
months  without  food,  and,  as  for  example  the  Batrachia,  hibei-nate 
bviried  in  the  mud. 
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Fossil  remains  of  this  group  iii-st  appear  in  the  Tertiary  period, 
with  the  exception  of  the  extinct  family  of  the  Labyrinthodonta 
{Mastodomawus)  which  belongs  to  the  Trias. 

Order  1. — Apoda*  (Gymnophiona). 

Vermiform  Amphibia  covered  with  small  scales,  without  limbs, 
with  biconcave  vertebrce. 

The  external  skin  of  the  Gymnophiona,  which  were  for  a  long 
time  classed  with  the  Snakes,  contains  small  scales  which  are  arranged 
in  transverse  rings  (fig.  628).  The  internal  organisation  and  the 
transitory  branchial  respiration,  however,  places  them  amongst  the 
Amphibia,  of  which  group  they  are  in  many  respects,  the  most  lowly 
organised.    This  is  especially  the  case  with  the  skeleton,  which  is 


FiQ.  628. — Siphonops  mexicana  (regne  animal). 

distinguished  by  the  biconcave  form  of  the  vertebrae  and  the  per- 
sistent notochord.  The  bony  skull,  which  has  two  condyles,  is  firmly 
united  to  the  facial  bones,  of  which  the  maxilla  and  palatines  bear 
small  backwardly-curved  teeth.  Pectoral  and  pelvic  girdles  and 
limbs  are  entirely  wanting.  The  small  slit-like  mouth  lies  on  the 
lower  side  of  the  conical  head.  The  two  nares  are  placed  in  front  on 
the  snout,  and  near  them  a  blind  pit  on  each  side  is  visible  in  several 
genera.  These  so-called  false  nares  (like  the  cephalic  pits  of  snakes) 
lead  into  canals,  which  are  regarded  by  Ley  dig  f  as  sense  organs. 

The  eyes  are  always  small  in  correspondence  with  the  subterranean 
mode  of  life,  and  are  only  visible  through  the  skin  as  small  specks. 
There  is  neither  tympanic  membrane  nor  tympanic  cavity. 

The  Gymnophiona  live  in  South  America  and  the  East  Indies,  and 
feed  principally  on  Worms  and  Insect-larv£e.  Joh.  Muller  was  the 
first  to  show  that  Ccecilia  glutinosa  possesses,  in  the  larval  period  a 
gill  slit  on  each  side,  which  leads  to  the  internal  gills.  According'to 
<>ervais,  C<ecilia  comprcssicauda  is  born  without  a  trace  of  branchial 
apertures,  and  Peters  has  recently  confirmed  this  assertion.  Peters, 

I.-*  ^,?\-  "Beitrage  zur  Anatomic  und  Naturffeschiclite  der  Amn>,^ 

J^^^'fV'^;  ^'rf^-^^V.r./t^rP^y,.,  Tom.  IV.,  1832.^ 
R.  Wiedershe:m,  «  Die  Anatomie  der  Gymnophionen,"  Jena,  1879 


188 


AMl'JIIBIA. 


however,  observed  on  the  neck  of  the  recently-born  young,  wliieh 
are  deposited  in  water,  large  vesicles  which  he  regarded  as  gills. 

Fani.  CoBoiliidsB.  CaeriUa  Inmhricoidea  Baud.,  South  America  ;  Siphmiopn 
■mi^xioana  Dam.  BilM'.  (fig.  G28)  ;  S.  cmnulata  Wagl.,  Brazil  ;  Ejyirnvm  Wagl.. 
Ceylon. 

The  extinct  Labyrinthodonta  of  the  Triassic,  the  Permian,  and 
the  Carl)oniferous  formations  must  be  regarded  as  a  special  order  of 
Amphibia.  They  unite  in  a  remarkable  manner  the  characters  of 
the  Ganoids  and  those  of  the  urodele  Amphibians.  They  po.sse.ssed 
an  external  dermal  skeleton,  consisting  of  three  broad  Ijony  thoracic 
plates  and  small  scutes  on  the  abdomen,  amphicoelous  vertebrae  and 
peculiar  folded  teeth  (hence  the  name  of  the  group)  in  the  Crocodile- 
like jaws.  It  has  also  been  shown  that  they  possessed  branchial 
arches  in  the  young  state  {Archegosaurus).  The  footmarks  of  gigantic 
animals  {Chirotherium),  which  have  been  discovered  in  the  Bunter- 
sandstein  in  England  and  Germany  (Hildburghausen),  and  which 
some  have  ascribed  to  Chelonia  and  others  to  Marsupials,  are  pi-o- 
bably  due  to  the  Labyrinthodonta.  Owen  has  distinguished  the 
oldest  forms  with  armoured  skull  as  Ganocephala.  Archegosaurus 
Dechenii  Goldf.,  Lahyrinthodon  liUtimeyeri  Wied. 

Order  2. — Caudata  *  (TJrodela). 

Elongated  Amphibia  with  naked  skin,  usually  with  four  short  limbs 
and  persistent  tail,  with  or  without  external  gills. 

The  body,  which  is  naked,  ends  with  a  long,  usually  laterally 
compressed,  swimming  tail,  and  possesses  as  a  rule  two  pairs  of  short 
extremities  far  removed  from  one  another.  These  limbs  effect  the 
relatively  clumsy  movements  of  the  animals  on  land,  but  in  s'wim- 
ming  are  used  in  a  much  more  effective  manner  as  oars.  The 
posterior  limbs  are  completely  absent  only  in  excej)tional  cases 
(Siren)  while  the  anterior  limbs  remain  as  short  stumps. 

Some  Urodeles  (PerennibrancMata)  possess  throughout  life  three 
pairs  of  branched  external  gills,  in  addition  to  the  lungs.  Others 
indeed  cast  off  the  gills  in  the  course  of  their  development,  but 
retain  throughout  life  an  external  gill  slit  on  each  side  of  the  neck 

*  Daudin,  "  Histoire  nature|le  g6n.  et  partic.  des  Reptiles,"  Paris.  1802  to 
1804. 

Aug.  Dum^ril,  "  Observations  snr  la  reproduction  dans  la  menagerie  des 
Reptiles  du  Mus6e  d'liist.  nat.  des  Asolots,  etc.,  sur  leur  d^veloppement  ct  sur 
leurs  metamorphoses,'"  iS'our.  Arch,  du  Mmee  d'hint.  nat.  dc  Paris,  II.,  I860. 

Alex.  Strauch,  "  Revision  der  Salamandridengattungen,"  Petersburg,  1870. 
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(Derotrenui).  Many,  however,  even  completely  lose  the  latter,  and 
show  themselves  by  theii-  whole  organisation  to  be  the  highest  mem- 
bers of  the  order  {Scdamandrina).  In  the  two  first  cases  the  vertebrae 
are  biconcave,  like  those  of  the  Pishes,  and  enclose  well-preserved 
remains  of  the  notochord.  The  fully-developed  Salamandrina,  on 
the  contrary,  have  vertebi-te  with  an  articular  head  in  front  and  a 
concavity  behind  (i.e.,  are  opisthoccelous). 

The  eyes,  which  are  small  and  sometimes  rudimentary,  are  placed 
beneath  the  transparent  skin,  and  except  in  the  Salamandrina  are 
without  distinct  lids.  In  all  cases  the  auditory  organ  is  without  a 
tympanic  membrane  and  tympanic  cavity.  The  nasal  apertures  are 
placed  at  the  end  of  the  projecting  snout,  and  lead  into  slightly 
developed  nasal  cavities,  which  communicate  with  the  buccal  cavity 
by  openings  placed  far  forward  in  the  roof  of  the  mouth  immediately 
behind  the  maxillse.  The  buccal  cavity  is  armed  with  small  shax-p 
hooked  teeth,  which  on  the  lower  jaw  are  arranged  in  single  rows, 
but  on  the  uppei'  jaw  and  often  on  the  palatine  bone  are  in  double 
rows.  Almost  the  whole  lower  surface  of  the  tongue  is  attached  to 
the  floor  of  the  buccal  cavity. 

The  life  history  of  the  Axolotl,  which  was  taken  by  Baird,  Cuviei-, 
and  others  for  the  larva  of  a  Salamandrine,  is  very  remarkable. 
According  to  the  observations  which  were  made  by  DumerU  in  the 
Jardin  des  Plantes  at  Paris,  the  young  reared  fi-om  the  eggs  of  the 
Axolotl  under  suitable  conditions  lose  the  gill  tufts  and  develop 
into  a  form  which  agi-ees  with  the  Salamandrine  genus  Amhlystoma, 
while  the  specimens  which  wei'e  originally  introduced  from  Mexico 
preserve  the  Perennibranchiate  form  in  the  sexually  adiilt  condition. 
Species  of  Triton  also  have  occasionally  been  found  with  perfectly 
developed  gill  tufts  in  the  sexually  adult  state. 

Sub-order  1.  Ichthyoidea.* 

Urodela  with  three  pairs  of  external  gills  or  without  them,  hut  with 
persisting  branchial  aperture;  with  fish-like  biconcave  vertebrm  and 
loell-preserved  notochoi'd. 

The  Ichthyoidea  represent  the  lowest  grade  among  the  Urodela 
with  regard  to  their  respiration,  the  structure  of  theii-  skeleton,  and 
their  whole  organisation ;  and  to  a  certain  extent  represent  persistent 
developmental  stages  of  the  Salanumdrina.    The  eyes  are  small,  and 

*  Configliachi  and  Kuscoiii,   "Del  Proteo  anguino  di  Laurenti,"  Paris, 
1819. 

Hyrtl,  "  Cryptobranchus  japonicus,"  Wien,  1868. 
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are  covered  by  the  transparent  integument.  The  palatal  teeth 
(A'iren)  are  armnged  in  rows  like  the  teeth  of  8onae  Fishes,  or  form  a 
curved  arch  at  the  anterior  end  of  the  palatine  bones.  The  extre- 
mities also  are  weak  and  reduced;  the  anterior  end  with  three  or 
four  digits,  and  the  posterior  witli  two  to  five  jointed  digits.  The 
digits  may,  however,  be  rudimentary  and  be  without  distinct  joints. 
^  Amongst  the  Tertiary  remains  of  this  group  the  gigantic  Andrias 
Scheuchzeri,  which  became  famous  as  Homo  diluvii  testis,  is  worthy 
of  remark. 

Tribe  1.  Perennibranchiata.  With  persistent  gills,  usually  with- 
out maxillary  bones.  The  vomer  and  palatine  bone  with  rows  of 
teeth. 

I*  am.  Sirenidae  (Armmolche).  With  elongated  eel-like  body  and  rudimentary 
anterior  limits,  without  posterior  limbs.    Siren  lacerthia  L.,  South  Carolina. 

Fam.  Proteidae  (Olme).  Body  elongated  and  cylindrical ;  anterior  limbs 
short,  with  three  digits;  hind  Umbs  placed  far  back,  with  two  digits.  Onlv 


Fig.  629. — Menobranc/ius  lateralU  (regne  animal)  , 


two  gill  slits  on  each  side.  Protcm  anqumeus  Laur.  Flesh-coloured  and  living 
in  the  subterranean  waters  of  Carniola  and  Dalmatia. 

Fam.  Menobranchidae.  Body  elongated,  with  tolerably  broad  head  and  four- 
toed  limbs.  There  are  four  gill  slits  on  each  side.  Menohranchus  laUralis  Say. 
Mississippi  (fig.  629).  Probably  holds  the  same  relation  to  the  genus  Batra. 
elwseps  Bonap.  that  Slrrdon  does  to  Amhly-ttuvia  (Cope).  Siredori  pisciformU 
Shaw,  and  viacuJatAtx  Baird.,  Axolotl.  The  eggs  are  laid  in  the  water  either 
sin'^ly  or  in  masses.  The  larvse,  when  hatched,  are  from  fourteen  to  sixteen  mm. 
long,  have  three  pairs  of  gills,  and  are  still  without  limbs.  Under  suitable 
conditions  they  lose  in  the  course  of  further  development  (according  to  Dumeril. 
whose  observations  have  been  several  times  confirmed)  the  gill  tufts,  the  dorsal 
and  caudal  crests,  and  assume  the  form  of  AmMystoma  (second  sexual  form). 

Tribe  2.  Derotrema.  Without  gill  tufts,  usually  with  a  branchial 
aperture  on  each  side  of  the  neck,  with  maxillary  bones,  and  teeth 
which  are  usually  arranged  in  one  row. 

Fam.  Amphiumidae  (Aalmolche).  Body  elongated  eel-shaped,  with  short 
extremities  far  apart  from  one  another.  AviphmvM  L.,  A.  tridactylnm  Cuv. 
QA.  vwaim  L.,  with  but  two  digits),  Florida. 

Fam.  Menopomidae.    Of  Salamander-like  appearance,  with  four  anterior  and 
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five  posterior  digits.  Menopoma  alleghaniensi'  Harl.,  Pennsylvania  and  Virginia ; 
Oryj)tohran.c'husjapo>iicus  v.  d.  Hoev.,  more  than  three  feet  long,  Japan. 

Sub-order  2.  Salamandrina.* 

Without  gills  or  gill  apertio7'e,  with  valve-like  eye-lids  and  opisthocoe- 
lous  vertebra}. 

The  body,  which  is  shaped  more  or  less  like  that  of  a  Lizard,  is 
without  external  gills  and  gill-slits  in  the  adult  state,  and  always 
possesses  anterior  and  posterior  extremities,  of  which  the  first  usually 
have  four  and  the  latter  five  digits.  Well-developed  eyelids  are 
always  present.  The  palatal  teeth  form  two  rows,  which  unite  in 
the  middle  line  at  the  posterior  margin  of  the  palatine  bone.  The 
skin  is  moist  and  slimy,  and  has  a  more  or  less  uneven  warty  appear- 
ance, owing  to  the  presence  of  a  number  of  glands  which  secrete  a 
pungent  and  irritating  milky  fluid.  These  glands  are  sometimes 
especially  aggregated  in  the  region  of  the  ear. 

The  Aquatic  Salamanders  (Newts)  lay  fertilized  eggs  on  plants. 
The  Land  Salamanders,  on  the  contrary,  are  viviparous  and  deposit 
theii-  offspring,  which  pass  through  their  metamorphosis  more  or  less 
completely  in  the  uterus  of  the  mother,  in  water.  The  spotted  Land 
Salamander  produces  thirty  to  forty  larvae,  each  twelve  to  fifteen 
mm.  long,  mth  four  legs  and  external  gill  tufts,  while  the  black 
Land  Salamander  of  the  higher  Alpine  regions  bears  only  one  [two  ?] 
completely-developed  offspring.  In  the  latter  case,  of  the  numerous 
eggs  which  enter  the  two  uteri,  only  the  lowest  on  each  side 
develops  into  an  embryo,  which  derives  its  nourishment  from  the  rest 
of  the  eggs  which  run  together  so  as  to  form  a  common  mass,  and  is 
able  to  undergo  all  the  stages  of  development  within  the  uterus. 

Fam.  Tritonidae.  Aquatic  Salamanders  or  New-ts.  Of  slender  form,  with 
laterally  compressed  swimming  tail.  Triton  crutatus  Laur.,  large  Newt.  Tr. 
alpestris  Laur.  {^hincus  Bechst.),  (Bergsalamander).  Tr.  tceniatm,  Schn.,  small 
Newt. 

Fam.  Salamandrinae.  Land-Salamanders.  Clumsy  body,  with  cylindrical 
tail.  Salamandra  maculom  Laur.,  the  Spotted  Salamander ;  distributed  over 
almost  all  Europe  to  North  Africa.  S.  atra  Laur.,  Black  Salamander,  in  the 
high  mountains  of  South  Germany,  France  and  Switzerland. 

*  Rusconi,  "  Amours  des  Salamandres  aquatiques,"  Milano  1821 
Rusconi,  "  Histoirc  naturelle,  d^veloppement  et  metamorphose  de  la  Sala 
mandre  terrestre,"  Paris,  1851.  ^ 

V.  Siebold,  '-Ueber  das  Receptaculum  seminis  der  weiblichen  Urodeleu" 
Zeitsekr.ftir  WISH.  Z(wl..l^n?>.  "j-iuueieu, 

ivJi^'J-V^'lSG?^'''  ^^^^■^^■^l^^^^^'^l^^^  Fauna,"  ArcMv  fur 

Genua!^187r'''''"''  "  '^^^'^"^^'^^"'^''^  perspicillata  und  Gootriton  fuscus,  etc.. 
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Order  3. — Batrachia*  =  An uua. 

Amphibia  of  stout  form,  with  naked  skin,  without  tail,  with  pro- 
Cfdotis  vertebrce  and  well-developed  extremities. 

The  body  is  short  and  stout  and  is  without  a  tail.  On  the  hejid 
are  the  wide  mouth  and  the  large  eyes,  the  iris  of  which  has  usually  a 
golden  lustre.  The  eye-lids  are  well  developed,  and  the  lower,  which 
is  transpfirent,  can  be  drawn  as  a  nictitating  membrane  completely 
over  the  eye.  The  nasal  apertures  are  placed  far  forward  on  the 
extremity  of  the  snout,  and  can  be  closed  by  membranous  valves. 
In  the  auditory  organ  there  is  generally  a  tympanic  cavity,  which 
communicates  with  the  buccal  cavity  by  means  of  a  short  wide  Eusta- 
chian tube  and  is  bound  externally  by  a  large  tympanic  membrane, 
which  is  sometimes  free  and  is  sometimes  concealed  beneath  the  skin. 

Only  a  few  of  the  Batrachia  are  without  teeth  {Pipa,  Bufo) ;  as  a 
rule  there  are  small  hooked  teeth  arranged  in  simple  rows  at  least  on 
the  vomer,  in  the  Frogs  and  Felobatidce,  on  the  maxillaries  and  pr?e- 
maxillaries  also.  The  tongue  is  absent  only  in  a  small  gi-oup  of  exotic 
forms ;  it  is  usually  attached  between  the  rami  of  the  lower  jaw  in 
such  a  way  that  its  posterior  part  is  completely  free,  and  can  be 
protruded  as  a  prehensile  organ  from  the  wide  mouth. 

E,ibs  are,  as  a  rule,  absent,  but  the  transverse  processes  of  the 
dorsal  vertebrae  attain  a  considerable  length.  A  pectoral  and  pelvic 
girdle  is  in  all  cases  present.  The  former  is  distinguished  by 
firm  connection  with  the  sternum,  the  latter  by  the  styliform 
elongation  of  the  ilium.  The  hyoid  bone  in  its  definitive  form  is 
considerably  simplified ;  the  body,  is  supported  by  large  anterior 
horns,  while  the  branchial  arches  on  each  side  are  reduced  to  a 
single  posterior  horn. 

In  the  skin,  which  is  usually  naked,  glands  with  an  acrid  milky 
secretion  are  often  aggregated  in  many  places,  especially  in  the  regie  n 
of  the  ear,  where  they  form  large  glandular  projections  (parotid). 
Glandular  aggregations  occur  also  on  the  middle  division  of  the  hind 
legs  (Bufo  calamita)  and  on  the  sides  of  the  body. 

*  Rosel  von  Rosenhof.  "  Historia  iiaturalis  ranarum  nostratium,"  Niimberg 
17.o8. 

Daudin,  ' '  Histoire  naturelle  des  Rainettes,  des  Grenouilles  et  des  Crapauds." 
Paris,  1802. 

Riisconi,  "  D^veloppement  de  la  grenouille  commune,"  Milano,  1826. 

C.  Bruch,  "  Beitiage  znr  Naturgeschichte  und  Classification  der  nackten 
Amphibien,"  Wiirxh.  oiatunvixx.  Zeitschr.,  1862. 

C.  Bmch,  '•  Neue  Beobaclitungen  zur  Naturgeschichte  der  einheimischeii 
Batraohier,"  Wmrb.  natui-wli.  Zeitshr.,  1863. 

A.  Ecker,  "  Die  Anatomie  des  Frosche.«,"  Braunschweig,  1864. 
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Eeproduction  takes  place  in  the  spring.  Copulation  is  confined  to 
an  external  approximation  of  the  two  sexes,  and  almost  always  takes 
place  in  the  water.  The  male,  which  sometimes  has  a  wart-like 
elevation  on  the  thumb  {Rana)  or  gland  on  the  arm  {Pelohates) 
embraces  the  female  from  the  back,  usually  behind  the  front  limbs, 
and  pours  out  the  seminal  fluid  over  the  spawn  as  it  issues  in  strings 
or  in  clumps.  The  individual  eggs  are  surrounded  by  a  viscous  layer 
of  albumen  which  swells  up  in  the  water.. 

The  upper  half  of  the  ovum  is  of  a  darker  colour  than  the  lower. 
The  process  of  segmentation  begins  in  the  upper  part,  and  the  con- 
strictions which  lead  to  the  formation  of  the  segmentation  spheres 
proceed  more  rapidly  in  this  region  than  at  the  lower  pole.  With 
the  end  of  segmentation  a  cavity-the  segmentation  cavity— appears 
m  the  mass  of  cells;  it  is  placed  nearer  to  the  upper  pole  than  to  the 
specifically  heavier  lower  pole.  The  germ  [blastoderm],  with  medullary 
plate  and  folds,  arises  on  the  upper  half;  it  quickly,  even  before  the 
closure  of  the  medullary  canal  to  form  the  medullary  tube  grows 
round  the  yolk.   After  development  of  the  branchial  arches  and  before 
the  mouth  IS  formed,  the  embryos  which  have  a  short  tail  leave 
.  their  egg  membranes  as  tadpoles  at  a  stage  of  development  which 
varies  with  the  species.    They  then  attach  themselves  by  means  of 
two  suckers  to  the  gelatinous  remains  of  the  spawn  (similar  suckers 
are  present  on  the  throat  of  the  Triton-larv^,  where  however  they 
are  stalked).    Most  larvae  leave  the  egg  membranes  with  more  or  less 
developed  rudiments  of  three  pairs  of  branched  external  gills  (vol  i 
fig  111).    The  body  gradually  increases  in  length  and  the  fin-like 
tail  developes.    Later  the  mouth  is  formed  and  the  larva  begins 
to  feed.    Soon  the  external  branchial  appendages  disappear,  while 
the  skin  grows  over  the  gill  slits  like  an  operculum  in  such  a  manner 
that  only  one  gi  1  aperture  is  left,  through  which  the  water  flows  out 
ot  the  branchial  chambers  on  either  side 

in  douwf  1'"'  f  lancet-shaped  gill-plates  are  developed 

m  double  .ovvs  ak)ng  each  branchial  arch.   The  mouth  is  armed  w^th 

suttTnces'  T:     :  V^'l  ^'^^'^'^'^ 

Ind  hp  l        I"  "^^^         ^^'^  ^^-1^  coiled 

sTcs    itT  r  P^^^^^  -  of  long 

acs.  As  development  proceeds  the  hinder  extremities  first  make 
he.  appearance  on  the  body  of  the  Tadpole  close  to  the  attachm  n 

of  the  strongly-developed  swimming  tail.    As  the  pulmonary  respi- 

I"ed":;r::'  ^^^."^  —  becomes'more  and  ml 
reduced  and  the  animal  undergoes  an  ecdysis,  with  which  is  con- 
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iiected  not  only  the  loss  of  the  internal  gills,  but  also  the  appeiirancc 
of  the  anterior  extremities  which  have  been  long  concealed  beneath 
the  skin.  The  horny  beak  is  now  cast  off,  and  the  eyes,  which  have 
hitherto  been  concealed  beneath  the  skin,  appear  on  the  surface,  and 
are  of  considerable  size.  The  larva  has  now  become  an  exclusively 
air-breathing,  four-legged  Frog,  which  has  only  to  lose  its  swimming' 
tai'l  in  order  to  acquire  its  definitive  form  and  be  fitted  for  it- 
terrestrial  life  (vol.  i.,  fig.  112). 

Some  Batrachia  are  true  land  animals  (Toads  and  Tree-Frogs), 
which  especially  love  dark  and  damp  hiding  places;  others  live 
indifferently  on  land  or  in  water.  In  the  first  case  the  five  toes  of 
the  hind  feet  are  either  entirely  without  a  connecting  membrane  or 
only  have  an  incomplete  one ;  exceptionally  (Pelobates),  however, 
they  are  completely  webbed.    In  the  second  case,  on  the  contrary, 

the  hind  feet  are,  as  a  rule,  com- 
pletely webbed.  The  land  Frogs 
usually  seek  the  water  only  at 
spawning  time;  they  crawl,  run, 
and  hop  on  the  land,  or  dig  passages 
and  holes  in  the  earth  {Pelohates, 
Alytes),  or  they  are  able  to  climb 
up  shrubs  and  trees  by  means  of 
suctorial  discs  on  the  ends  of  their 
toes  [Dendrobates,  Hyla). 

Tribe  1.  Aglossa.  Batrachia  with- 
,out  tongue.    The  tympanic  mem- 
brane is  not  exposed.    The  eyes  are 
'placed  anteriorly  near  the  angles  of 
the  mouth.     The  hind  feet  have 
entire  webs.  They  live  in  hot  locali- 
FiG.  m.—DaetyUthra  capetisis.        j-j^g^  especially  of  the  New  World. 

Fam.  Pipidffi.    Body  toad-like,  flat,  mthout  teeth  on  jaws  and  palate.  Fij) 
dorsiqera  Schn.,  Surinam  Toad. 

Fam  Dactylethridse.    The  body  is  more  frog-like,  with  teeth  on  the  maxil 
lariesaudpra^maxillaries.  Xcnopus  iDactyletlira)  caj^ensi^  Cuv.  (Krallenfrosch), 
(fig.  630)  ;  Myohatrackus  jJaradoxus  Schleg. 

Tribe  2.   Oxydactylia.    Batrachia  with  freely  movable  tongu 

and  pointed  fingers  and  toes. 

Fam  Kanidffi.    Water-Frogs.    Batrachians  with  long  hind  limbs,  which  a 
adapted  for  jumping,  and  the  toes  of  which  are  usually  connected  by  entire 
s^l'smoJv.::s.    There  are  small  hooked  teeth  on  the  maxdlanes,  pr.. 
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maxillarics,  and  usually  also  on  the  vomer.  Rami  escuUnta  L.,  the  green  Frog. 
Green  with  dark  spots  and  yellow  longitudinal  streaks  on  the  back.  The  male 
has  two  vocal  sacs.  Leaves  its  place  of  concealment  at  the  end  of  April,  and 
spawns  at  the  end  of  May  or  the  beginning  of  June.  On  the  banks  of  stagnant 
water.  It.  tcmpomria  L.,  the  brown  frog,  with  dark  spots  on  the  head  in  the 
auditory  region.  It  appears  very  early,  and  copulates  in  March ;  but  only 
remains  in  the  water  to  spawn,  and  then  frequents  meadows  and  fields.  Steen- 
strup  has  divided  this  frog,  which  is  widely  divided  over  Eiu'ope,  into  two 
species  (^R.  owi/rhina,  pJatyrhina').  R.  mugiens  Daud.,  Bull-frog,  North  America  ; 
P.'^euclis paradoxa  L.,  South  America,  distinguished  by  the  size  of  its  larvae. 

Fam.  Pelobatidse.  Land-frogs,  Toad-fi-ogs.  With  more  or  less  warty,  rough, 
and  richly  glandular  skin,  and  clumsy  toad-like  form  ;  with  teeth  on  the 
maxillaries.  Ali/tes  ohstetricaiis  Laur.  (fig.  626) ;  Pelohates  fiiscus  Laur. ; 
Bombinator  igneus  Eos.  (Unke,  Feuerkrote). 

Fam.  Bufonidae.  Toads.  Of  clumsy  build,  with  warty  glandular  skin  (ear- 
glands)  and  toothless  jaws.  The  posferior  feet  have  five  digits,  and  are  but 
little  longer  than  the  anterior,  so  that  the  animal  is  unable  to  spring  with  the 
same  agility  as  the  Frogs  ;  but  they  can  in  many  cases  run  with  great  speed. 
JBitfo  vulgaris  Laur.,  the  common  Toad  ;  B.  viridis  Laur.  QvariaUlis),  the  green 
Toad  ;  B.  calamita  Lairr.  (Kreuzkrote). 

Tribe  3.  Discodactylia.  Batrachians  with  tongvie  and  witli  broad 
digits,  the  points  of  which  are  provided  with  suctorial  discs. 

Fam.  Hylidae.  Tree-fi-ogs.  With  maxillary  teeth  and  without  parotids. 
Byla  arhorea  L.,  Tree-frog,  cosmopolitan ;  Nvtodnlpliys  ovifcra  Weinl., 
Mexico.  The  female  has  a  brood-pouch  on  the  posterior  part  of  the  back.  The 
larv£e  have  bell-shaped  external  branchial  vesicles.  Phyllomedusa  bicolor  Bodd., 
South  America ;  Beudroiates  tinctorms  Schn.,  Cayenne. 


CHAPTER  YII. 

Class  III.— REPTILIA.* 

Scaly  or  armoured  cold-blooded  animals  loith  exclusively  pulmonary 
respiration  and  two  ventricles  incompletely  separated  from  one  another. 
Embryos  witli  an  amnion  and  an  allantois. 

The  body-form  of  the  Replilia  varies  far  more  than  does  that  of, 
the  Ampkihia,  but  repeats  on  the  whole  the  types  described  for  the 
latter  class.  The  trunk  still  plays  the  principal  part  in  locomotion, 
and  accordingly  the  vertebral  column  presents  a  uniform  segmenta- 
tion adapted  for  serpentine  movements.    The  body,  except  in  the 

ion/'  ^'  ^^^^^i^^^'  "Historia  Amphibiorum  naturalis  ct  literaria."  1799  to 

A.  Giinthcr,  «  The  Eeptiles  of  British  India,"  London.  1864 
L,  Schreibcr,  "  Herpetologia  europa-a,''  Braunschweig,' 1875. 
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Tortoises,  is  elongated  and  more  or  less  cylindrical,  and  is  either 
altogether  apodal,  as  in  the  Snakes,  or  is  provided  with  two  or  four 
extremities,  which  as  a  rule  serve  only  to  support  and  push  on  the 
body  which  glides  along  the  ground  on  its  belly.  In  correspondence 
with  this  mode  of  locomotion  a  cervical  region  is  scarcely  at  all 
mai-ked,  and  even  when  more  developed  is  always  relatively  ligid ; 
the  tail  on  the  other  hand  is  long  and  movable. 

The  skin,  as  opposed  to  the  predominating  soft  and  naked  skin  of 
the  Amjjliihia,  is  tough  and  firm,  in  consequence  of  ossifications  of 
the  cutis  as  well  as  of  a  cornification  of  the  epidermis.  The  former 
may  give  rise  to  bony  scutes,  overlapping  one  another  in  a  tectiform 
manner  {Scincoidea),  or  to  larger  bony  plates,  which  constitute  a 
hard,  more  or  less  continuous,  dermal  armour  {Crocodiles,  Tortoises). 

In  general  pigments  are  present  in  the  dermis  as  well  as  in  the 
deeper  layer  of  the  epidermis ;  they  determine  the  diverse  colouring 
of  the  skin,  and  sometimes  cause  a  true  qhange  of  colour  (green 
Tree  Snake,  Chamceleon).  Cutaneous  glands  are  also  widely  distri- 
buted among  the  Bejytilia.  Many  Lizards  in  particular  possess  rows 
of  glands  on  the  inside  of  the  femur  and  in  the  anal  region,  which 
open  by  distinct  pores  sometimes  on  wart-like  protuberances  (femoral 
pores,  anal  pores).  In  the  Crocodiles,  too,  larger  groups  of  glands 
are  placed  beneath  the  dermal  armour  both  at  the  sides  of  the  anus 
and  on  the  sides  of  the  rami  of  the  lower  jaw. 

The  skeleton  only  exceptionally  presents  the  embryonic  form  of  a 
cartilaginous  cranial  base  and  persistent  notochord.  The  vei-tebral 
column  is  more  distinctly  divided  into  regions  than  is  that  of  the 
Amphibia,  although  the  thoracic  and  lumbar  regions  still  allow  of  no 
sharp  limitation.  In  the  cervical  region  the  first  vertebra  become- 
the  atlas  and  the  second  the  axis.  While  fossil  Hydrosaurians  and 
the  Ascalahota  possess  biconcave  vertebrae,  the  vertebral  bodies  of 
other  Reptiles  are  always  bony  and  generally  procoelous. 

Eibs  are  very  generally  present,  often  along  the  Avhole  lengtli 
of  the  trunk.  In  the  Snakes  and  the  snake-like  Lizard.-, 
in  which  a  sternum  is  absent,  all  the  vertebrae  of  the  trunl: 
with  the  exception  of  the  atlas  bear  ribs,  which,  to  compensate 
for  the  absence  of  limbs,  are  capable  of  free  movements.  In  the 
Lizards  and  Crocodiles  (fig.  573)  there  are  short  cervical  ribs.  The 
thoracic  ribs  are  joined  to  a  sternum  by  means  of  special  sternocostal 
pieces.  In  the  Crocodiles  there  is  in  addition  an  abdominal  sternum, 
>vhich  extends  over  the  belly  to  the  pelvic  region,  and  is  composed 
of  a  number  of  ventral  ribs  (without  dorsal  part).    The  sjicral 
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vertebrpe,  of  which  there  are  usually  two,  have  very  large  transverse 
pi'ocesses  and  libs. 

The  skull  (tig.  C31)  articulates  with  the  atlas  by  means  of  an  un- 
paii-ed,  often  trifid  condyle  of  the  occipital  bone,  and  presents  a  complete 
ossification  of  nearly  all  its  parts,  the  primordial  cranium  being  almost 
completely  replaced.  In  the  occipital  region  all  four  elements  are 
present  as  bones ;  but  the 
basi-occipital  (Tortoises)  and 
the  supra-occipital  (Croco- 
diles and  Snakes)  may  be 
excluded  from  the  boundary 
of  the  foramen  magnicm.  In 
the  periotic  capsule  there  is 
a  fenestra  rotimda,  as  well 
as  the  fenestra  ovalis  with 
the  columella.  The  opisthotic, 
which  usually  fuses  with  the 
exoccipital,  takes  part  in 
bounding  the  fenestra  ovalis 
(in  the  Tortoises  the  exocci- 
pital and  the  opisthotic  are 
separate). 

The  2>'>'ootiG,  on  the  other 
hand,  is  separate  in  all  Rep- 
tiles; at  its  anterior  there  is 
in  front  of  the  lateral  parts  of 
the  occipital  i-egion  a  separate 
prootic,  at  the  front  margin 
of  which  is  the  foramen  for 
the  third  branch  of  the  tii- 
geminus.  The  epiotic  is 
fused  with  the  supra-occijDi- 
tal.  The  anterior  expansion 
of  the  cranial  capsule,  and  the  development  of  the  sphenoidal  region, 
present  considerable  differences.  At  the  base  of  the  skull  there  is  a 
hasis2)henoid  in  place  of  the  parasphenoid.  The  alisplienoids  and  the 
orUtosphenoids  are  as  a  rule  wanting,  and  are  often  replaced  by  pro- 
cesses of  the  parietals  {Chelonia)  or  of  the  fronto-parietals  {Ophidia). 
In  the  Chelonia  Q.n^  Lizards  there  is  a  large  membranous  interorbital 
septum,  which  may  also  contain  ossifications.  The  bones  of  the  roof 
of  the  cranium  are  always  very  large— sometimes  paired,  sometimes 


Fig.  631.-  SkuU  of  Monitor  (after  Gegenbaur).  a, 
from  above,  b,  from  below.  C,  occipital  condyle  ; 
Ocs,  supra-occipital;  Ocl,  exoccipital;  Och,  basi- 
occipital;  P,  parietal;  Fr,  frontal;  Pf,  post- 
frontal  ;  JPrf,  prefrontal ;  L,  lacrymal ;  N,  nasal; 
Sq,  squamosal ;  Q,  quadrate ;  Q,i,  quadratojugal ; 
J,  jugal;  Mx,  maxillary;  Jmx,  pra3maxUlary ; 
Co,  colmnella;  Bi,  basi-sphenoid ;  Ft,  pterygoid; 
Pal,  palatine  ;  Fo,  vomer ;  Tr,  os  transversum. 
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unpaired.  The  frontal  bone  in  many  cases  takes  no  part  in  tlie 
formation  of  tlie  roof  of  the  cranial  cavity,  and  only  lies  on  the 
interorbital  septum.  Behind  the  lateial  parts  of  the  frontal  in 
the  temporal  region  are  the  lioatfrontah  {Pf).  In  the  ethmoidal 
i-egion  the  median  pait  i-emains  in  part  cartilaginous,  and  is  covered 
above  by  the  paired  nasal  bones  (iV),  and  at  the  base  by  the  vovur 
(Fo),  which  in  the  Snakes  and  Lizards  is  paired.  The  lateral  parts 
are  always  separate  from  the  median,  and  are  known  as  the  latei-al 
ethmoids  or  pi'jefrontals  {Prf).  In  the  Lizards  and  Crocodile.^ 
lachrymals  (Z)  ai'e  present  on  the  outer  side  of  the  prtef rental.-, 
bounding  the  anterior  margin  of  the  orbits. 

The  squamosal  (Sg)  is  more  intimately  applied  to  the  cranium,  and 
the  quadrate  {Q)  is  always  a  strongly  developed  bone.    In  Chelonio. 
and  Crocodilia  the  quadrate  and  maxillo -palatine  apparatus  are  im- 
movably united  with  the  wall  of  the  skull ;  in  Snakes  and  Lizards, 
on  the  other  hand,  they  are  more  or  less  freely  movable.    In  the 
first  case  not  only  are  the  lai-ge  pterygoid  and  palatine  bones  fused 
with  the  sphenoid,  but  the  quadrate  bone  is  very  firmly  connected 
with  the  superior  maxillary  {i.e.  jugal)  arcade.    In  the  Crocodiles  a 
transverse  bone  {ps  transversum)  is  developed  between  the  pterygoid 
and  maxillary,  and  also  a  supeiior  temporal  arcade  by  which  the 
squamosal  is  connected  with  the  postfrontal  on  either  side.    In  the 
Lizards,  in  which  the  maxillo-palatine  apparatus  and  quadrate  are 
movabl}''  articulated  to  the  skull,  the  jugal  arch  is  completely  absent 
[i.e.,  the  jugal  is  not  connected  with  the  quadrate  by  bone].    On  the 
other  hand,  these  animals  possess  not  only  a  transverse  bone  (o- 
transversum)  (fig.  631,  Tr),  already  mentioned  for  the  Crocodiles, 
but  also  a  column-like  bone — the  columella — which  extends  between 
the  parietal  and  pterygoid.    The  facial  bones  are,  however,  mo^i 
movable  upon  one  another  in  the  OiMdia,  which  are  without  the 
jugal  arcade,  but  present  a  large  os  transversum.    The  two  rami  of 
the  mandible,  which  in  all  Ee2)tilia  and  lower  Vertebrates  are  com- 
posed of  several  pieces,  are  in  these  animals  connected  at  the  symphysis 
by  an  elastic  band,  an  arrangement  which  permits  of  considerable 
extension  towards  the  sides. 

The  visceral  skeleton  is  reduced  to  the  hyoid  bone,  from  the  anterior 
arch  of  which  the  dorsal  element  {Jiyo^nandihidar)  is  separated  off, 
enters  into  relation  with  the  auditory  apparatus,  and  is  known  as 
the  columella.    The  hyoid  bone  is  most  reduced  in  the  Snakes. 

The  limbs  and  their  gu^dles  are  completely  absent  in  most  Snakes. 
In  the  PerojJoda  and  Tortricidce,  however,  traces  of  hind  limbs  are 
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fouucl  in  the  anal  region,  but  they  are  hidden  beneath  the  skin, 
except  the  terminal  part,  which  bears  a  claw.  In  the  LacertiUa  the 
extremities  present  very  various  grades  of  development ;  while  the 
pectoral  and  pelvic  girdles  are  without  exception  present,  though 
they  ai-e  sometimes  very  rudimentary,  the 
anterior  and  posterior  limbs  may  be  com- 
pletely absent  (Blindworms),  or  the  one 
pair  may  be  present  without  the  other  as 
small  rudiments.  In  most  cases,  however, 
both  pairs  of  extremities  are  completely 
developed,  and  provided  with  five  digits. 
Sometimes  the  digits  are  connected  by 
swimming  membranes  (Crocodiles),  or  the 
extremities  are  modified  to  form  flat 
swimming  fins  (fossil  Hydrosaurians  and 
Tiu-tles). 

The  nervous  system  (fig.  632)  is  de-C& 
cidedly  higher  than  that  of  the  A77iphibia. 
The  hemispheres  are  distinguished  by 
then.'  considerable  size,  and  begin  to  cover 
the  mesencephalon.  The  cerebellum  shows 
various  grades  of  development  progressing 
from  the  Snakes  to  the  Crocodiles,  and  in 
the  latter  recalls  that  of  Birds  by  the 
contrast  of  its  large  median  lobe  and  its 
small  lateral  appendages.  Of  the  cranial 
nerves  the  facial  is  no  longer  united  with 
the  trigeminal,  and  the  glossopharyngeal 
appears  as  an  independent  nerve,  which 
has,  however,  several  connections  with  the 
vagus.  The  spinal  accessory  also  arises 
independently  except  in  the  Snakes. 
Finally  the  hypoglossal,  which  passes  out 
through  a  single  or  double  opening  in  the 
skull,  enters  the  category  of  the  cranial 
nerves. 

The  eyes  are  without  lids  in  the  Snakes,  Geckos,  and  Amphisbsenas, 
but  are  protected  in  these  animals  by  a  transparent  capsule,  which  is 
separated  from  the  cornea  by  a  space  filled  with  lachi'ymal  fluid.  In 
all  other  cases  there  is  an  upper  and  lower  eyelid.  An  independent 
nictitatmg  membrane  at  the  inner  angle  of  the  eye  is  always  accom- 


FiG.  632.— Brain  of  the  Alligator 
seen  from  above  (after  Rabl- 
Riickhard).  Vh,  prosencephalon 
(cerebral  hemispheres)  ;  Mk,  me- 
sencephalon (corpora  bigemina); 
Cb,  cerebellum  J  Mo,  medulla 
oblongata ;  I,  olfactory  nerve ; 
II,  optic;  IT,  trochlear  (foui-th); 
r,  trigeminus  (fifth) ;  VIII,  audi- 
toiy  nerve  ;  IX,  glossopharyngeal 
(ninth);  X,  vagus  (tenth);  XI, 
spinal  accessory  (eleventh);  10, 
fii-st  spinal  nerve;  2C,  second 
spinal  nerve. 


200 


REPTILIA. 


panied  by  the  appearance  of  a  special  gland  {Ilarderian  yUmd).  Peculiar 
iolds  of  the  choroid,  which  correspond  to  the  processus  falciforniis 
of  the  eyes  of  Fishes  and  to  the  so-called  pecten  of  the  eye  of  Birds 
are  present  in  the  eye  of  Lizards.  ' 

The  auditory  organ  has  a  simple  tubular  cochlea  and  a  corre- 
sponding fenestra  {fenestra  rotunda).  A  tympanic  cavity  with 
Eustachian  tube  and  tympanic  membrane  is  wanting  only  in  the 
Snakes  and  apodal  Lizards.  In  these  cases  the  operculum,  which 
covers  the  fenestra  ovalis,  and  the  columella  which  is  attached  to  the 
operculum,  are  buried  among  the  muscles,  as  in  numerous  Amphibia. 
When  a  tympanic  cavity  is  present,  the  columella  is  applied  by  its 
cartilaginous  end  to  the  tympanic  membrane,  which  in  many  Lizards 
is  still  concealed  beneath  the  skin,  while  a  wide  Eustachian  tube  leads 
into  the  pharynx.  A  cutaneous  fold  above  the  tympanic  membrane 
of  the  Crocodiles  may  be  regarded  as  the  first  rudiment  of  an  ex- 
ternal ear. 

The  olfactory  organ  of  the  Reptilia  shows,  principally  in  the 
Chelonia  and  Crocodilia,  a  considei-able  augmentation  of  the  surface 
of  the  mucous  membrane,  the  folds  of  which  are  supported  by  carti- 
laginous turbinals.  The  external  nares  can  be  closed  only  in  the 
Water- Snakes  and  the  Crocodiles  by  an  arrangement  of  valves.  In 
the  Crocodiles  and  Chelonians  the  internal  nares  open  far  back  on 
the  palatal  part  of  the  mouth.  In  the  Snakes  and  Saurians  there  is 
also  a  second  olfactory  organ  embedded  between  the  turbinals  and 
the  vomer  [nasal  glands,  Eathke,  Jacohson's  organ,  Leydig),  the 
nerve  of  which  arises  at  the  end  of  the  olfactory  lobe,  and  is  spread 
out  like  a  cup  around  a  cartilaginous  papilla. 

The  sense  of  taste  is  by  no  means  always  located  in  the  tongue, 
since  in  Snakes  and  many  Lizards  this  organ  serves  for  feeling,  and 
in  other  cases — e.g.,  the  Chamasleon- — is  used  as  a  prehensile  organ. 
Leydig*  has  recently  discovered  cup-shaped  sense-organs  in  the 
buccal  cavity  of  Snakes  and  Saurians.  In  the  Snakes  they  are 
arranged  alongside  the  rows  of  maxillary  teeth,  in  Saurians  they  are 
embedded  in  small  pits  of  the  connective  tissue. 

Alimentary  canal. — Excepting  in  the  Chelonia,  whose  jaws 
possess  a  horny  cutting  investment,  which  constitutes  a  kind 
of  beak,  the  jaws  are  provided  with  conical  or  hooked  prehen- 
sile teeth,  which  hold  fast  the  prey,  but  cannot  masticate  it.  As 
a  rule,  the  teeth  are  confined  to  the  jaws,  and  are  always  arranged 

*  Fr.  Leydig,  "  Zur  Kenntniss  der  Sinnesorgane  der  Schlangen,"  Arcli.  filr 
mikr.  Anatomic,  Bonn,  1872. 
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ill  a  single  row;  sometimes  they  are  fastened  to  the  upper  edge 
(acrodont),  sometimes  to  an  external,  strongly  projecting  ledge 
of  the  flat  dental  groove  {pleit,rodont),  rarely,  as  in  Crocodiles, 
they  are  wedged  into  special  alveoli.  Hooked  teeth  may  also  be 
present  on  the  palatine  and  pterygoid  l)ones,  and  in  this  case 
they  frequently  {e.g.,  in  non-poisonous  Snakes)  form  an  inner 
arched  row  on  the  I'oof  of  the  mouth.  In  the  poisonous  Snakes 
special  teeth  of  the  upper  jaw  are  traversed  by  a  groove  or  canal, 
and  enter  into  close  relation  with  the  ducts  of  poison  glands,  the 
secretion  of  which  passes  into  the  wound  through  the  groove  or 
canal  in  the  poison  teeth.  Salivary  glands  are  found  in  Snakes  and 
Lizards,  both  in  the  lips  and  on  the  lower  jaw,  and  a  sublingual 
gland  may  also  be  present.  The  possession  of  the  latter  is  charac- 
teristic of  the  Chelonia. 

The  oesophagus  is  very  long,  and  is  capable  of  an  extraordinary 
degree  of  dilatation.  Its  walls  are  usually  folded  longitudinally,  but 
they  may  also  be  beset  with  large  papillfe,  as  in  the  Turtles.  The 
stomach  is  usually  arranged  longitudinally,  except  in  the  Chelonia, 
which  possess  like  the  Frogs  a  transversely-placed  stomach.  The 
stomach  of  the  Crocodiles  resembles  that  of  Birds,  both  by  its 
rounded  form  and  by  the  strength  of  its  muscular  walls.  The  small 
intestine  is  but  little  coiled,  and  remains  relatively  short ;  in  the 
Land-Tortoises  alone,  which  live  on  vegetable  mattei',  is  the  intestine 
more  than  six  or  eight  times  longer  than  the  body.  The  broad  large 
intestine  (rectum)  usually  begins  with  an  annular  valve,  and  often 
with  a  csecum,  and  leads  into  the  cloaca,  which  opens  beneath  the 
root  of  the  tail  by  a  round  opening,  or  as  in  the  Snakes  and  Lizards 
by  a  transverse  slit  [Plagiotrema).  Liver  and  pancreas  are  never 
absent. 

The  Reptilia  breathe  exclusively  by  lungs,  which  have  the  form  of 
spacious  sacs,  with  alveolar  projections  of  the  walls,  or  with  wide 
spongy  cavities  (Tortoises  and  Crocodiles).  In  the  Snakes  and  snake- 
like Lizards  the  lung  on  one  side  is  more  or  less  reduced,  while  the 
other  obtains  a  correspondingly  gi'eater  size.  The  posterior  end  of 
the  latter  loses  not  only  the  cellular  alveolar  spaces,  but  also  the 
respiratory  vessels,  and  has  the  form  of  an  air-reservoir  (foreshadow- 
ing the  air-sacs  of  Birds),  which  renders  respiration  possible  dur- 
ing the  slow  process  of  swallowing.  The  afferent  air-passages  are 
always  differentiated  into  a  larynx  beginning  with  a  slit-like  glottis, 
and  into  a  long  trachea  and  bronchial  tubes,  supported  by  carti- 
laginous and  often  bony  rings.    A  membranous  or  cartihiginous 
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epiglottis  is  present  in  many  Tortoises,  Snakes,  and  Lizards.  The 
Geckos  and  Chamaileons  alone  have  a  vocal  apparatus.  The  renewal 
of  the  air  necessary  for  respiration  is,  except  in  the  Chelonia,  always 
effected  by  nid  of  the  ribs. 

The  circulatory  organs  (fig.  60)  present  various  grades  of  develop 
ment,  even  to  the  complete  division  of  the  heart,  and  to  the  separation 

of  the  venous  and  arterial  blood. 
Not  only  are  there  two  auricles 
which  are  distinct  even  exter- 
nally, but  the  ventricle  also  is 
divided  into  a  right  and  left 
chamber.  The  partition  wall  of 
the  ventricles  is  indeed  per- 
forated in  Snakes,  Lizards,  and 
Chelonians;  but  in  the  Croco- 
diles it  is  complete,  and  effects 
the  separation  into  a  right  and 
left  ventricle.  In  the  first  cases 
the  pulmonary  arteries  and  the 
aortic  trunks  ai-ise  from  the 
wide  thin-walled  right  division 
of  the  ventricle.  In  the  Croco- 
diles, on  the  other  hand,  the 
pulmonary  arteries  and  the 
aortic  trunks  have  a  separate 
origin  (fig.  633).  The  complete 
number  of  aortic  arches  is 
present  only  during  the  foetal 
life ;  in  later  life  their  number 
becomes  much  reduced.  Oi'i- 
ginally  five  paii's  of  vascular 
arches — as  also  in  Birds  and 
Mammals — are  present ;  they 
embrace  the  gullet  and  join  to 
form  the  two  roots  of  the  aorta.  Most  of  them,  however,  undergo 
reduction,  losing  their  connections  with  each  other,  so  that  finally 
each  aortic  root  (Saui'ians)  arises  from  two  vascular  arches,  or  is 
the  prolongation  of  a  single  aortic  arch.  The  aorta,  Avhich  passes 
out  from  the  heart,  is  divided  into  three  trunks — a  right  and  left 
aorta  and  a  pulmonary  arteiy — each  with  a  separate  opening 
into  the  ventricle  [i.e.,  three  distinct  arterial  trunks  leave  the 


Fig.  633.— Heart  and  large  vascular  trunks  of 
Alligator  Itieius  seen  from  the  ventral  side 
and  partly  opened  (after  Gegenbaur).  D, 
right  auricle ;  S,  left  auricle ;  0,  ostium 
venosum  of  the  right  auricle  ;  Oo,  am-iculo- 
ventricular  aperture ;  Ba,  ljulhus  arterio- 
sus ;  C,  carotis  primaria ;  Sd,  Ss,  subclavian 
arteries ;  Ad,  right  aortic  arch ;  As,  left 
aortic  arch ;  P,  pulmonary  artery ;  F,  con- 
nection of  right  with  left  aortic  arch ;  31, 
mesenteric  artery;  Pc,  connection  of  the 
heart  with  the  pericardium ;  FP,  position 
of  the  foramen  Panizzte. 
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ventricle  or  ventricles,  and  not  one  only  as  in  the  Ichtliyopsida]. 
In  the  Snakes  and  Lizards  the  left  arterial  trunk  is  jDrolonged 
into  the  left  aortic  root  without  giving  oft'  vessels  (fig.  60,  Aos), 
while  the  right  and  larger  before  being  prolonged  into  the 
right  aortic  root  gives  off"  a  common  stem  for  the  two  carotids 
(fig.  60,  I),  between  which  and  the  corresponding  aortic  roots  a 
connecting  vessel  (ductus  Botalli),  constituting  a  second  persistent 
aortic  arch,  may  be  retained  (many  Lizards).  In  the  Chelonia  the 
right  aortic  arch  likewise  gives  oft"  the  carotids  and  subclavians,  while 
the  left  gives  oft*  the  visceral  arteries.  In  consequence  of  the  very 
small  size  of  the  aortic  root  of  the  latter,  the  aorta  appears  to  be 
mainly  a  prolongation  of  the  right  aortic  arch.  Crocodiles  present 
the  same  arrangements,  but  in  them  the  right  arterial  trunk  arises 
from  the  left  ventiucle  and  receives  arterial  blood  from  the  latter. 
In  this  case  also,  in  spite  of  the  complete  division  of  the  heart,  the 
mixture  of  venous  and  arterial  blood  is  not  wholly  avoided,  since 
there  is  a  communication — the  foramen  Panizzce — between  the  right 
and  left  aortic  arches.  When  the  separation  of  the  two  ventricles  is 
incomplete,  mixture  of  the  two  kinds  of  blood  takes  place  in  part  in 
the  heart,  although  the  entrance  into  the  pulmonary  vessels  can  by 
special  valvular  arrangements  be  separated  from  the  ostia  of  the 
arterial  trunks  in  such  a  manner  that  the  arterial  blood  principally 
flows  into  the  latter,  and  the  venous  into  the  former  (Briicke).  In 
the  venous  system  there  is,  as  in  the  Am^yJiibia,  a  renal-portal  as 
well  as  an  hepatic-portal  cii'culatioii.  In  the  Chelonia  and  Crococlilia, 
however,  the  I'enal-portal  system  is  more  and  more  reduced,  for  the 
greater  part  of  the  blood  of  the  iliac  veins  jDasses  to  the  liver.  The 
system  of  lymphatic  vessels  presents  extraordinarily  numerous  and 
wide  lymph  spaces,  and  is  arranged  exactly  like  that  of  the  Amphibia. 
Contractile  lymph  hearts  have  only  been  discovered  in  the  posterior 
part  of  the  body  at  the  junction  of  the  trunk  and  tail.  They 
are  paired  and  situated  on  the  transverse  processes  or  ribs. 

The  kidneys  of  Reptiles  belong,  as  in  Birds  and  Mammals,  to  the 
hinder  region  of  the  trunk,  and  correspond  accordingly  only  to  the 
posterior  broad  part  of  the  Amphibian  kidney.  In  Lizards  and 
Chelonians  a  ui-inary  bladder  projects  on  the  anterior  wall  of  the 
cloaca.  The  urine  is  not  by  any  means  always  fluid,  but  is  often  a 
whitish  mass  of  fii-m  consistency,  and  contains  uric  acid.. 

The  generative  organs  (fig  634)  resemble  those  of  Birds.  The 
morphological  relations  of  the  generative  organs  of  the  higher 
vertebrates  are  attained,  inasmuch  as  the  anterior  region  of  the 
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kidney  (primordial  kidney  and  Wolffian  duct),  which  in  the  Amphibia 
still  functions  as  a  urinary  organ,  is  here  transformed  into  the 
efferent  apparatus  of  the  testis  (epididymis  and  vas  deferens),  and 
in  the  female  sex  vanishes  or  rarely  persists  as  a  rudiment  (Itosen- 
miiller's  organ,  canal  of  Gartner),  while  in  the  female  the  MUUerian  • 


Fig.  634.— Urogenital  apparatus  of  Lacerta  agilis  (after  C.  Heider).  a,  of  the  male.  2f, 
kidney;  S,  testis;  Nh,  epididymis;  T'rf,  vas  deferens;  P,  remains  of  the  primordial 
kidney  (Wolffian  body) ;  T,  remains  of  the  MuUerian  duct ;  Pe,  penis ;  SP,  pores  of 
femoral  glands ;  SD,  femoral  glands. — h,  Of  the  female.  Sb,  urinary  bladder ;  Md, 
rectum  (cut) ;  CI,  cloaca    Ov,  ovaiy ;  T,  Miillerian  duct  developed  into  oviduct. 


duct  becomes  the  oviduct.  The  oviducts  as  well  as  the  vasa  deferentia 
open  separately  into  the  cloaca.  The  oviducts  begin  with  a  wide 
peritoneal  ostium,  have  a  sinuous  course,  and  secrete  the  calcareous 
and  usually  membranous  egg  shells.  The  eggs  in  many  cases  remain 
a  long  time  in  the  terminal  part  of  the  oviduct  (which  may  then 
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bfe  termed  the  uterus),  sometimes  till  the  embryonic  development 
is  completed. 

The  males  always  possess  external  organs  of  copulation,  to  which 
in  the  females  similarly  arranged  rudiments  {clitoris)  correspond 
In  Snakes  and  Lizards  (Plagiotrema)  these  organs  consist  of  two  pro- 
trusible  hollow  tubes,  which  are  either  smooth  or  covered  with  spines 
and  lie  retracted  in  a  pouch-like  cavity  behind  the  cloaca.  When 
protuded  their  surface  is  traversed  by  a  groove  which  conveys  the 
sperm  from  the  genital  openings  of  the  cloaca.  In  the  Chelonia  and 
Crocodilia,  on  the  other  hand,  an  erectile  penis  supported  by  fibrous 
bodies  projects  on  the  anterior  wall  of  the  cloaca.  This  penis  also 
has  a  groove  in  which  the  semen  is  received  and  passed  on,  but  it 
cannot  be  invaginated  like  the  two  penises  of  Snakes  and  Lizards. 
Copulation  always  leads  to  the  fertilization  of  the  ova  within  the 
body  of  the  mother.  But  few  Reptiles,  e.g.,  Pelias  bents  among&t 
the  Snakes,  and  the  Blindworm  amongst  the  Lizards,  are  viviparous. 
Most  forms  are  oviparous,  and  bury  their  eggs  in  damp  earth  in 
sheltered  warm  spots,  and  take  no  further  trouble  about  their  fate. 
Some  of  the  Pythons,  however,  are  an  exception  to  this ;  inasmuch 
as  they  coil  their  body  together  over  the  eggs  which  they  have  laid, 
and  afford  warmth  and  shelter  to  the  developing  brood. 

The  developmental  history  of  the  Reptiles  is  very  similar  in  its 
general  features  to  that  of  Biixls.  The  ovum  is  relatively  large,  and 
is  sometimes  surrounded  by  a  layer  of  albumen  Avithin  the  shell. 
The  segmentation  is  partial  and  leads  to  the  formation  of  a  discoidal 
blastoderm,  with  primitive  groove  and  medullary  folds.  Before  the 
medullary  folds  have  closed,  a  transverse  depression  appears  at  the 
dilated  anterior  end  of  the  medullary  groove ;  this  depression  is  the 
head  fold,  which  leads  to  the  origin  of  the  cranial  flexure,  a  feature 
always  found  in  the  higher  vertebrates.  [The  cranial  flexure  is 
found  in  all  vertebrates  except  Amphioxus.]  The  embryo  which  at 
fii'st  lies  flat  on  the  yolk,  becomes  gradually  more  and  more  sharply 
marked  off  from  the  latter,  for  the  ventral  walls  of  the  boat-shaped 
body  grow  together,  and  leave  only  a  small  opening  (umbilicus). 

*  C.  E.  V.  Bacr,  "  Ueber  Entwickelungsgeschichte  der  Thiere,"  TI.  Konies- 
berg,  1837.  * 

H.  Eathkc,  "  Entwickelungsgeschichte  der  Natter/'  Konigsberg,  1839. 

H.  Eathke,  "Ueber  die  Entwickelung  der  Schildki'oten,"  Braunschweie 
1848.  ^' 

H.  Rathke,  "  Untersuchungen  Uber  die  Entwickelung  und  den  Korperbau  der 
Crocodile,"  Braunschweig,  1866. 

L.  Agassiz,  "Embryology  of  the  Turtle,"  Coiitrihitions  to  the  Xat.  Hist 
etc.    II.,  Boston,  18rj7. 
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Thus  it  happens  that  the  central  digestive  canal,  which  at  first  has 
the  form  of  a  shallow  groove,  becomes  converted  into  a  tube  which 
remains  for  some  time  connected  with  the  yolk  at  the  umbilicus  by 
a  narrow  duct. 

The  appearance  of  a  membrane  enclosing  the  embryo  and  known 
as  the  amnion  (fig.  635)  is  characteristic.  The  amnion  arises  in  the 
following  way.  The  outer  layer  (somatopleure)  of  the  blastoderm  is 
raised  at  the  anterior  and  posterior  end  of  the  embryo,  and  forms 
two  folds  covering  the  head  and  tail  end.    These  folds  soon  extend 

over  the  lateral  por- 
tions, and  fuse  over 
the  body  of  the  em- 
bryo, so  as  to  form 
a  closed  sac  filled 
with  fluid.  Another 
organ  which  is  cha- 
racteristic   of  the 
higher  vertebrates 
is  the  allantois.  This 
arises  at  the  pos- 
terior  end  of  the 
body  as  a  vesicular 
evagination  of  the 
ventral  wall  of  the 
alimentary  canal, 
and  grows  out  to 
a  sac  of  considera- 
ble size.    The  walls 
of  this  sac,  which 
is  filled  with  fluid, 
are,  unlike  those  of 
the  amnion  which  is  entirely  without  vessels,  extraordinarily  vascular 
and  represent  an  embryonic  respiratory  organ,  which  in  the  long 
dm-ation  and  complicated  developmental  processes  of  embryonic  life 
is  of  great  impoi-tance.   The  appearance  of  the  allantois  is  correlated, 
not  only? with  the  disappearance  of  branchial  respir-ation,  but  also 
with  the  complete  absence  of  a  metamorphosis;  the  young  animal 
being  completely  organised  when  it  leaves  the  egg. 

Some  Snakes  and  Lizards  extend  far  north,  ^hile  the  Crocodilia 
are  confined  to  the  ton  id  zone,  and  only  isolated  examples  of  the 
Chelonia  belong  to  the  torrid  zone. 


Pig.  635. — Two  stages  in  the  development  of  tlie  chick  (after  v. 
Baer)  to  show  the  development  of  the  amnion  and  the 
allantois.— n,  The  two  folds  of  the  amnion  are  still  widely 
separate  from  one  another  ;  only  the  first  rudiments  of  the 
allantois  are  visible. — h,  Later  stage  with  closed  amnion.  E, 
embryo ;  B,  vitelline  membrane ;  Am,  amnion ;  Sh,  Serous 
membrane ;  -DA,  alimentary  cavity  ;  Bg,  umbibcal  passage  ; 
F,  Yolk ;  C,  heai-t ;  Al,  allantois. 
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The  Reptilia  of  the  cold  and  temperate  regions  fall  into  a  sort  of 
winter  sleep,  and  in  the  hot  climates  there  is  a  summer  sleep  which 
comes  to  an  end  with  the  beginning  of  the  rainy  season. 

Most  Reptiles  are  very  tenacious  of  life,  and  can  exist  a  long  time 
without  food  and  with  limited  respii'ation,  and  ai'e  capable,  though 
in  a  less  degree  than  the  Amphibia,  of  i-eproducing  injured  or  lost 
parts  of  the  body. 

The  oldest  fossil  remains  of  Reptiles  belong  to  the  Primary  period, 
but  appear  only  very  sparingly  in  this  period,  being  confined  to  the 
Kupferschiefer  formation  {Proterosaurus  Speneri).  The  Secondary 
period  (Trias  and  Jura)  can  show  a  far  greater  variety  of  forms.  At 
this  time  the  Saurians  and  Hydrosaurians  were  predominant.  The 
scaly  Lizards  first  appear  in  the  upper  strata  of  the  Jura,  and  are 
most  abundant  in  the  Tertiary  period,  which  also  presents  a  few 
remains  of  Snakes.  Chelonia  fii'st  appear — excepting  the  doubtful 
footprints  of  the  Trias — in  the  Jura.  Land-Tortoises  are  first  met 
with  in  the  Tertiary  formations. 


Sub-class  1.— PLAGIOTREMATA  (LEPIDOSAURIA). 

Reptiles  with  scales  and  dermal  shields,  either  apodal  or  provided 
with  extremities.   They  have  a  transverse  anal  slit  and  a  double  p>enis. 

Order  1. — Ophidia*  (Snakes). 

Apodal  Plagiostremata  vnthoiit  pectoral  girdle  ;  toith  hifid  pi'otrusi- 
ble  tongue  ;  usucdly  with  freely  movable,  always  displaceable,  maxil- 
lary and  palatine  bones  ;  toithout  urinary  bladder. 

The  Snakes  are  chiefly  characterized  by  the  absence  of  extremities, 
and  by  the  distensibility,  sometimes  extraordinary,  of  the  mouth 
and  pharynx.  They  cannot,  however,  be  sharply  separated  from  the 
Lizards.  Formerly  the  limitations  of  this  order  rested  entirely  on 
the  absence  of  extremities,  and  thus  not  only  were  the  Coeciliadce 
amongst  the  AmjMbia,  but  also  the  Blindworms  and  other  genera 
of  apodal  Lizards,  included  in  it.    The  Amjjhisboiiiida}  also  were 

T>  Catalogue  of  Reptiles  in  the  collection  of  the  British  Museum" 

Part  III.,  Snakes.    London,  I8i9.  ' 

MS^rj2nZ]]^]^8."'  ''''''''''' 
1860-1868''°''''^''''^^'^  gen^rale  d6s  Ophidicns,"  Livr.  T.-XXVII.  Paris, 
Lenz,  "  Schlangenkunde,"  2  Aufiage,  Gotha,  1870. 


208 


OPIIIDIA. 


formex-ly  regarded  as  Opliidia.  Moreover,  many  Snakes  have  the 
rudiments  of  posterior  extremities,  wliich  are  placed  at  the  root  of 
the  tail  and  have  a  conical  claw  projecting  at  the  side  of  the  anus. 
No  Snake  has  a  pectoral  gu'dle  or  any  trace  of  an  anterior  pair  of 
extremities. 

In  the  skull  of  the  Snakes  (ilg.  036)  the  temporal  arcades  are 
absent  [i.e.,  the  postf rental  is  not  directly  connected  with  the  squa- 
mosal, and  there  is  no  jugal  or  quadrate- jugal  connecting  the  maxilla 
with  the  quadrate].  The  cranial  cavity  is  very  long.  The  anterior 
and  middle  parts  of  its  lateral  walls  are  formed  by  descending  wing- 
like processes  of  the 
parietal  and  frontal 
bones.  The  maxilla  is 
connected  with  the  pa- 
lato-pterygoid  arcade  by 
an  OS  transversum,  and 
these  bones  are  so  com- 
pletely movable  upon 
one  another  and  the 
cranium,  that  the  mouth 
is  capable  of  being  con- 
siderably dilated  and 
laterally  extended.  The 
quadrate  bone  is  very 
m  o  V  a  b  1  y  articulated 
with  the  squamosal, 
which  is  also  movably 
attached  on  the  occipi- 
tal region.  The  two 
rami  of  the  lower  Jaw 
are  as  movable  as  are  the  parts  of  the  maxillo-palatine  apparatus. 
They  are  connected  at  the  symphysis  by  an  elastic  ligament,  which 
permits  of  a  considerable  amount  of  lateral  movement. 

The  armature  of  the  jaws  consists  of  a  number  of  recurved  pre- 
hensile teeth,  which  are  arranged  in  a  single  row  on  the  lower  jaw, 
and  usually  in  a  double  row  on  the  maxillo-palatine  apparatus ;  they 
chiefly  serve  to  hold  the  prey  fast  while  it  is  being  swallowed. 
Hooked  teeth  may  also  be  present  on  the  prsemaxillse  {Python). 
Only  in  the  OjMerodonta  are  the  teeth  confined  to  the  upper  jaw 
or  to  the  lower  jaw.  Besides  these  solid  hooked  teeth  many  snakes 
possess  in  the  upper  jaw  grooved  teeth,  or  hollow  poison  teeth,  which 


Fig.  636. — B^mW.  ot  Crotahis  liorridus.  Oci,  Basioccipital; 
Od,  exoccipital ;  Ocs,  supraoccipital ;  Pr,  prootic  ;  Bs, 
Basi-sphenoid ;  Sq,  squamosal ;  P,  parietal ;  F,  frontal ; 
Pf,  post-frontal ;  Prf,  prffi-frontal ;  M,  median  ethnoid  ; 
N,  nasal;  Qi(,  quadrate;  P^,  pteiygoid ;  PL  palatine; 
Mx,  maxillary ;  Jmx,  pra3-maxillary ;  Tv,  transvei'se  ;  D, 
dentary  ;  Art,  articulare  of  the  lower  jaw. 
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are  traversed  by  a  canal ;  the  canal  is  connected  with  the  duct  of  a 
poison  gland,  and  through  it  the  secretion  of  the  latter  is  poured. 
Frequently  the  maxilla  is  much  reduced,  and  contains  on  each 
side  only  one  large  perforated  poison-tooth,  neai-  which,  however, 
other  larger  and  smaller  supplementary  teeth  are  always  placed 
[Solenoglypha).  The  grooved  teeth  are  rarely  more  numerous,  and 
are  attached  to  the  maxillaries  either  quite  in  front  [Proteroglypha) , 
ov  behind  a  row  of  hooked 
teeth  {OpisthoglyphcC) .  In  both 
cases  the  maxilla  is  larger  than 
that  of  the  Solenoglypha.  In  ^ 
the  Aglyphoclonta,  however, 
where  there  are  no  grooved 
teeth,  the  maxilla  attains  the 
greatest  size  and  the  richest 
dentition.  While  the  grooved 
teeth  are  immovably  fixed, 
the  tubular  poison  teeth  are 
erected,  with,  the  maxillaries 
to  which  they  are  attached, 
when  the  mouth  is  opened,  and 
are,  when  the  snake  strikes, 
driven  into  the  flesh  of  the 
prey.  Simultaneously  the 
secretion  of  the  poison  gland, 
which  is  forced  out  by  the 
pressure  caused  by  the  con- 
traction of 


the     temporal  ^^o.  637.— Head  of  CalopelUs  Aesculapii.  a,  Dorsal 

muscles    is    i'm"p(-tpd   I'nfr.   fhp  ^'  ^^^t™'-       Lateral  view  of  head  of 

mUSCies,    is    mjectecl   into   tlie     Tropidonotm  viperinus  (after  E.  Schreiber).  a, 

Frontal  scute  ;  h,  supra-ciliary  scutes ;  e,  pos- 
terior nasal  scute  ;  <? ,  anterior  nasal  scute  ; 
e,  parietal  scute ;  /,  rostral  scute ;  g,  upper 
labial  scutes ;  h,  nasal  scute ;  i,  prEeorbital 
scutes ;  k,  loreal  scute ;  postorbital ;  m,  tem- 
poral scutes :  o,  chin  scute  ;  p,  lower  labial 
scutes ;  q,  mental  scute ;  r,  cervical  scutes  ; 
8,  cervical  scales ;     ventral  scutes. 


wound ;  it  is  thus  mixed  with 
the  blood,  and  quickly  causes 
the  death  of  the  victim. 

The  hard  structures  of  the 
integument,  which  have  the 
form  of  scales,  scutes,  and 
splints,  vary  much  in  form,  number,  and  arrangement.  While 
the  dorsal  surface  of  the  trunk  is  always  covered  with  smooth  or 
keeled  scales;  the  head  is  covered  with  scales  as  well  as  with 
scutes  and  plates,  which,  like  those  of  the  Lizards,  are  distin- 
guished according  to  their  special  position  as  frontal,  parietal,  and 
occipital  scutes;  also  as  rostral,  nasal,  temporal,  and  labial  scutes,  etc. 
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(fig.  637).  The  mental  .scutes — i.e.,  the  scutes  in  the  mental  groove 
on  the  ventral  surface  between  the  rami  of  the  lower  jaw  (fig,  637,  q) 
— may  be  mentioned  as  peculiar  to  most  snakes ;  in  front  of  these 
two  accessory  labial  .scutes  on  either  side  form  with  the  median 
labial  scute  (o)  the  anterior  l^oundary  of  the  mental  groove.  The 
.scutes  on  the  abdomen  are  for  the  most  part  broad,  and  invest  the 
trunk  like  transverse  bands  (fig.  637  h,  t) ;  but  scales  and  small 
median  scutes  may  also  be  present  here.  The  ventral  surface  of  the 
taD,  on  the  other  hand,  is,  as  a  rule,  covered  by  a  double,  or  rarel}' 
by  a  single,  row  of  scutes.  Snakes  moult  several  times  in  the  course 
of  the  year ;  they  strip  oif  the  whole  of  the  epidermis  on  which  the 
sculpture  of  the  cutis  is  repeated. 

The  internal  organisation  coii'esponds  with  the  i-equirements  of 
the  elongated  form  of  the  body,  as  well  as  with  the  mode  of  locomo- 
tion and  nourishment.  A  long  and  extensible  gullet  with  thin  walls 
leads  into  the  dilated  saccular  stomach,  which  is  followed  by  a  rela- 
tively short  small  intestine.  The  larynx  is  placed  extraordinarU}- 
far  forward,  and  can  be  projected  into  the  mouth  during  the  long 
and  difficult  act  of  swallowing.  The  trachea  is  extremely  long,  and 
often  contains  i-espiratory  air-cells  in  its  course.  The  left  lung  is 
usually  entirely  rudimentary,  while  the  right  lung  is  correspondingly 
large,  and  is  transfoi-med  at  its  posterior  end  into  a  vesicular  air- 
reservoir. 

The  auditory  organ  is  without  an  apparatus  for  conducting  sound, 
and  the  eyes  have  no  movable  lids.  The  eye-ball,  with  its  usually 
vertical  pupil,  is  covered  by  the  skin,  which  is  here  transparent,  and 
behind  which  it  is  bathed  by  the  lacrymal  fluid.  The  nasal  apertures 
are  usually  placed  quite  at  the  apex  or  on  the  lateral  margins  of  the 
snout.  The  forked  horny  tongue  serves  not  as  an  organ  of  taste, 
but  as  a  tactile  organ,  and  is  enclosed  in  a  sheath,  from  which  it  can 
be  protruded  through  an  indentation  of  the  extremity  of  the  snout, 
even  when  the  mouth  is  closed. 

The  Snakes  move  principally  by  means  of  lateral  flexions  of  the 
vertebral  column.  The  vertebrae  are  very  numerous,  and  almost 
always  bear  ribs  in  the  region  of  the  trunk.  The  centra  are  concave 
in  front  and  convex  behind ;  they  are  connected  with  one  another 
by  free  ball  and  socket  joints,  and  by  horizontal  articular  surfaces  of 
the  transverse  processes  in  such  a  manner  that  dorso-ventral  move- 
ments are  impossible.  The  ribs  are  also  freely  articulated  with  the 
vertebral  bodies,  and  can  be  moved  backwards  and  forwards,  move- 
ments which  are  of  gi-eat  use  in  assisting  locomotion.    The  Snakes 
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run  in  a  certain  sense  on  the  extreme  points  of  their  libs,  which  are 
attached  to  dermal  scutes ;  for  they  move  by  alternately  pushing  the 
ribs  forward,  and  drawing  after  them  the  ventral  scutes,  which  are 
attached  to  one  another  and  to  the  ribs  by  muscles. 

The  Snakes  feed  exclusively  on  living  animals,  both  warm-blooded 
and  cold-blooded,  which  they  attack  suddenly,  kill  and  swallow  whole 
without  mastication.  Swallowing  is  effected  thus :  the  teeth  on  the 
jaws  are  alternately  hooked  further  and  further  forwards  into  the 
body  of  the  prey,  as  a  result  of  which  the  mouth  and  phaiynx  of 
the  snake  are  in  a  sense  gradually  drawn  over  the  animal,  whose 
surface  is  at  the  same  time  made  slippery  by  the  abundant  secretion 
of  the  salivary  glands.  During  this  process  the  larynx  is  projected 
forward  between  the  rami  of  the  jaws,  so  that  respii-ation  can  be 
maintained.  After  the  completion  of  this  laborious  operation  of 
swallowing,  the  animal  appears  entirely  prostrated,  and  passes  a 
long  period  in  inactivity,  during  which  the  very  slow  but  complete 
digestion  takes  place. 

Snakes  copulate,  and  are  for  the  most  part  oviparous.  They  lay 
a  small  number  of  large  eggs,  in  which  the  embryonic  development 
may  be  already  far  advanced.  There  are,  however,  also  viviparous 
Snakes ;  for  example,  the  sea-snakes  {Hydrophidce)  and  the  vipers 
{Felias  berus). 

Most  of  the  species  distinguished  by  size  and  beauty  of  colour 
belong  to  the  Avarmer  zones,  only  the  smaller  forms  extend  into 
northern  temperate  climates.  Many  Snakes  are  fond  of  the  water 
and  are  truly  amphibious.  Others  live  for  the  most  part  on  trees 
and  shrubs,  or  on  sandy  ground ;  others  exclusively  in  the  sea.  In 
the  temperate  countries  they  faU  into  a  kind  of  winter  sleep,  in  the 
hot  countries  they  undergo  a  summer  sleep  in  the  dry  season. 

Sub-order  1.  Opoterodonta.  With  narrow,  non-distensible,  slit- 
like mouth,  and  immovably  connected  facial  bones,  without  or' with 
only  a  short  tail.  They  have  solid  hooked  teeth  only  in  the  upper 
jaw  or  in  the  lower  jaw.  Posterior  limbs  present  as  rudiments. 
They  Hve  beneath  stones,  or  in  passages  in  the  earth,  and  feed  on 
insects. 

Fam.  Typhlopidae.    Tupldop.^  lumbrmlis  Merr.  (fig.  038),  Antilles.  T  rcr- 
mivnlarh  L.,  Greece.  .Ste)io.stovia  nigricana  Dam.  Bibr.,  South  Afi-ica." 

Sub-order  2.  Colubriformia.  Both  jaws  armed  with  solid  hooked 
teeth.  In  the  upper  jaw  the  last  tooth  may  be  grooved,  and  then 
may  be  either  without  poison  glands,  or  may  be  connected  with  the 
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duct  of  a  small  poison  gland.    This  sub-order  includes  the  Agly- 
phodonta  and  the  Opisthoglypha. 

Fam.  UropeltidsB.    With  short  pointed  head,  mouth  not  distensible,  but  with 
teeth  in  both  jaws.    Ifropcltu  phUippiimx  Cuv. 

Fam.  TortricidsB.  \\'ith  small  hardly  discernible  head  and  short  conical 
tail.    The  teeth  are  small,  and  there  are  teeth  on  the  palatine  bones.  They 

have  a  rudiment  of  the  pelvis  with  small  anal  claws. 
Toririx  scytale  Hmpr.,  South  America ;  f!yli7i,drophi!< 
rvfa  Gray,  Java. 

Fam.  Pythonidae.  With  long  oval  heads  covered 
\\  ith  scutes  or  scales,  with  rudiments  of  hind  limbs 
which  terminate  with  an  anal  claw  at  the  sides  of 
the  cloaca,  Ei-yx  jaculm  Wagl.,  South  Europe  ; 
Boa  constrictor  L.,  Brazil;  Python  reticvlatm 
Schn.,  Sumatra. 

Fam.  Coluhridae.  The  head  is  not  very  broad, 
and  is  distinct ;  it  is  covered  with  scutes.  The 
dentition  is  complete.  The  tail  has  a  double  row 
of  scutes  on  the  under  surface.  Coronella  auntnaca 
Laur.=C.  leevis  Lac,  widely  distributed  in  Europe : 
UopUs  cohella  I..  Brazil;  rrojmlonotva  mtrix 
Gesn.,  Einged  snake.  With  obliquely  keeled  scutes. 
The  species  is  widely  distributed  in  Europe.  Tr. 
tesselatm  Meyr. ;  Coluirr  QCalopeltis)  jEscvUpH 
Gesn.=C./arescew5  Gm.,  the  snake  of  ^sculapius. 
South  Europe,  Schlangenbad,  Austria;  Zaiiwnls 
atrovirens  Shaw,  South  Europe;  Herpetodryas 
carinatm  L..  Brazil. 

Fam.  Dendrophidae.  Tree  snakes.  Body  thin 
and  slender,  head  usually  long,  fiat  and  distinct 
from  the  neck.  The  ventral  scutes  usuaUy  witli 
two  keels.  Ventral  caudal  scutes  in  two  rows. 
Dcndrophu  picta  Gm.,  East  Indies;  AhMlo 
smaragdina  Boie,  West  Africa. 

Fam.  Dryophidae.  Body  very  long  and  slender, 
as  is  the  head  ;  snout  thin  and  sometimes  prolonged 
into  a  flexible  appendage.  DryopMs  argentca  Daud.. 

Cayenne.  ^,        ^  . 

Fam  Psammophidae.  Sand  snakes.  The  postenoi 
tooth  of  the  upper  jaw  is  gxooved.  Psavimophis 
Uneatvs  Dum.  Bibr.,  Mexico  ;  CcBlopeltu  lacertma 
Wagl.,  Egypt. 

„f' S?rtalid«    The  Mndmost  tooth  m  the  upiKr  ia>v  is  the  longest,  a>Kl  i- 

J^^.  I)"-.  Bi^'-.         0^'-'"^"  ■ 

South  America.  , 
Sub-order  3.  Proteroglypha.  Poisonous  snakes  .vxth  large  grooved 


Fig.  «38—Typhlops  lumbri- 
calls  (regne  animal). 
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teeth,  which  are  placed  anteriorly  in  the  upper  jaw,  and  behind 
which  there  are  usually  solid  hooked  teeth.  The  palatine  and 
pterygoid  bones,  as  well  as  the  lower  jaw,  are  armed  with  hooked 
teeth. 

Fam.  ElapidsB.  Kesemble  the  Coluhridce.  Head  covered  with  scales  ;  usually 
with  two  rows  of  sub-caudal  scutes.  Na?ia  tripudians  Merr.,  the  Cobra, 
Bengal;  N.  Jiaje  L.  Cleopatra's  Snake,  Egypt;  Maps  Gorallinus  L.,  the  coral 
Snake,  South  America.    (Fig.  639.) 

Fam.  Hydrophidae,  Sea-Snakes,  With  scarcely  distinct  head  which  is  covered 
with  scutes,  and  compressed  body  which  is  prolonged  into  a  strongly  compressed 


Fig.  639. — Elapg  corallimis  (regne  animal). 

swimming-tail.  They  are  viviparous.  Platurus  fasciatus  Daud.,  Indian  Ocean 
Hijdroylds  {Pelamis)  Moolor  Daud.  (fig.  640),  Indian  Ocean. 

Sub-order  4.  Solenoglypha.  Snakes  with  triangular  head  and 
relatively  shoi-t  tail.  The  small  upper  jaw  has  a  hollow  poison  tooth 
on  either  side,  and  one  or  more  reserve  teeth.  Small  solid  hooked 
teeth  are  also  present  on  the  palate  and  in  the  under  jaw. 

Fam.  Viperidae  (Vipers).  Head  strongly  marked  oflE  and  broad,  without 
pits  between  the  narcs  and  eyes.  There  are  usually  two  rows  of  scales  on  the 
under  side  of  the  short  tail.  Vipera  aspis  Merr.  In  wooded  mountain  regions 
of  South  Europe.  V.  ammodytes  Dum.  Bibr.  The  sand  viper,  with  a  soft 
homy  prominence  on  the  tip  of  the  snout.    Italy  and  Dalmatia.    Pelias  Urns, 


LACERTILIA. 

(Kreuzotter).  Common  Viper,  distinguished  by  the  black-brown  zigzag  band 
on  the  back.    Found  in  tliu  mountain  forests  of  Europe. 

Fam.  Crotalidae.    Witii  a  pit  between  the  eyes  and  nose.    Grotalun  durmug 
L..  Rattlesnake  of  south-east  of  North  America;  C.  horridm  L.  South  America 
Bothroj/s  atrox  L.  Brazil. 


Pig.  640.  —Myd/rophis  bicolor  (regne  Pig.  6il.—Pi/ffopus  (Bipes)  lepidoptu  (regne 

animal).  animal). 

Order  2. — Saurii  *  (Lacertilia) — Lizards. 

Plagiotreina  with  pectoral  girdle  and  sternum,  usually  with  tympanic 
cavity  and  movable  eyelids ;  with  a  non-extensible  mouth  and  with 
wrinary  bladder. 

The  Lizards  always  have  an  elongated  and  sometimes  a  suake-Kke 
body.    As  a  rule  there  are  four  extremities,  which,  however,  scarcely 

*  Tiedemann,  "  Anatomic  und  Naturgeschichte  der  Drachen."  Niii-nberg,  1811. 
J.  E.  Gray,  "  Catalogue  of  the  specimens  of  Lizards  in  the  Collection  of  the 
British  Museum."    Londou,  1845. 

Fr.  Leydig, "  Die  in  Deutschland  Icbenden  Arten  der  Saurier."  Tiibingeu,  1872 
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carry  the  body  raised  from  the  ground ;  but  in  locomotion  are  used 
principally  for  pushing  the  body  forward ;  they  may  also  be  used  for 
clingmg  (Chamjelion),  climbing  (Geckos),  and  digging.  They  usually 
end  vnth  five  clawed  digits.  ^  They  are  sometimes  so  short  and  rudi- 
mentary, that  they  have  the  appearance  of  stumps  applied  to  the 
serpent-like  body,  and  are  without  separated  digits  {ChamcBscmra). 
In  other  ca^es  rudiments  of  the  posterior  limbs  alone  exist  {rseiulopus) 
(fig.  641),  or  anterior  limbs  only  are  present  {Chirotes);  or  finally 
external  limbs  may  be  entirely  absent  [Anguis,  Acontias,  Ophi- 
saurus).  The  pectoral  and  pelvic  girdles  are  however  present,  and 
in  all  Lizards  except  Amphishcena  there  is  at  least  a  rudiment  of 
the  sternum,  which  increases  in  size  as  the  anterior  limbs  become 
more  developed,  and  then  serves  for  the  attachment  of  a  correspond- 
ingly greater  number  of  ribs.  The  ribs  are  only  wanting  on  the 
most  anterior  cervical  vertebra?,  and  sometimes  on  some  of  the 
lumbar  as  well  as  on  the  caudal  vertebra.  The  anterior  ribs  present 
a  peculiar  modification  in  Draco,  being  extremely  long  and  serving 
to  support  lateral  expansions  of  the  sldn,  which  can  be  used  as  wings. 

The  crania]  capsule  (fig.  631)  does  not  usually  extend  into  the 
orbital  region,  behind  which  it  is  imperfectly  closed  by  membranous 
structures  (membranous  interorhital  sejyitwi).  The  squamosal  is 
firmly  attached  to  a  strongly  projecting  process  [parotic  2Jrocess)  of 
the  posterior  temporal  region.  The  hinder  end  of  the  maxilla  is 
fi-equently  connected  with  the  postfrontral  (Pf)  by  a  bony  bridge,  the 
jugal  (fig.  631  J"),  which  encloses  the  orbit;  w^hile  a  bone  (quadrato- 
jugal)  passes  from  the  jugal  to  the  quadrate,  bridging  over  the 
temporal  region. 

An  important  character  of  the  Lizards  as  opposed  to  the  Snakes 
consists  in  the  fact  that  the  bones  of  the  jaws  are  not  movable  upon 
one  another.  Parts  of  the  maxillo-palatine  appai'atus  are  indeed 
movably  connected  with  the  skull  (^Hatteria  =  Sphenodon  excepted), 
especially  the  pterygoids,  which  are  applied  to  the  articular  processes 
of  the  basisphenoid,  and  usually  articulate  with  the  quadrate ;  but 
the  individual  bones  of  the  maxillo-palatine  apparatus  are  firmly 
connected  with  one  another,  and  with  the  anterior  part  of  the  skull. 
The  pterygoids  are  firmly  attached  to  the  maxillaries  by  a  transverse 
bone,  and  serve  to  support  the  parietal  bones  by  a  rod-shaped 
cohtmella  [a  bone  which  extends  from  the  parietal  to  the  pterygoid 
on  each  side].  .  On  the  top  of  the  skull  the  parietal  bones  and  the 
occipital  segment  are  connected  by  fibrous  tissue,  and  in  consequence 
are  slightly  movable  upon  one  another.    The  quadrate   bone  is 
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movably  articulated  with  the  parotic  process  of  the  temporal  region 
and  supports  the  lower  jaAv,  the  rami  of  which  are  firmly  connected 
at  the  symphysis. 

The  dentition  of  the  Lizards  in  form,  structure  and  mode  ol 
fixture  of  the  teeth,  presents  far  greater  diversity  than  does  that  of 
the  Snakes ;  it  is  however  not  so  complete  since  the  palate  has  never 
an  inner  row  of  teeth,  but  only  small  lateral  groups  on  the  pterygoids. 
The  teeth  are  almost  always  attached  directly  to  the  bone,  either  on 
the  edge  of  the  jaw  (Acrodont),  or  on  the  inner  side  of  the  jaw 
(Pleiirodont).  This  distinction  corresponds  to  the  geographical  dis- 
tribution of  the  Iguanas,  those  found  in  the  eastern  hemisphere  being 
Acrodonts,  and  those  in  the  western  Pleurodonts.  The  shape  of 
the  tongue  seems  important,  and  the  principal  groups  are  distin- 
guished and  named  according  to  this  characteristic. 

Most  Lizards  have  eyelids,  an  exposed  tympanic  membrane  and  a 
tympanic  cavity.  Only  the  Amjyhisbcenas  and  Geckos  are  without 
eyelids,  and  have  the  same  arrangement  for  covering  the  eyes  as  have 
the  Snakes.  In  the  Scincoidece  the  lower  eyelid  can  be  raised  like  a 
transparent  curtain  without  hindering  the  sight.  In  the  Ghanuelion- 
idce  the  single  eyelid  is  a  muscular  cutaneous  ring  of  skin  with 
circular  opening. 

The  integument  of  Lizards  resembles  in  its  general  features  that 
of  Snakes,  but  presents  much  greater  variety.  Sometimes  there  are 
flat  or  keeled  scales,  sometimes  scutes  and  larger  plates,  for  the  distri- 
bution of  which  on  the  head  the  terminology  already  described  for 
Snakes  is  used.  In  addition,  more  irregular  hardenings  of  the 
skin  may  occur — warty  protuberances  which  give  the  skin  an  appear- 
ance similar  to  that  of  the  Toads  [Geckonidce).  On  the  other  hand 
there  are  often  cutaneous  lobes  on  the  throat,  crests  on  the  back  and 
on  the  top  of  the  head,  also  folds  of  skin  on  the  sides  of  the  trunk,  on 
the  neck,  etc.  Although  the  skin  of  Lizards  is  in  general  poor  in 
glands,  yet  in  many  forms  cutaneous  glands  and  corresponding  rows 
of  pores  along  the  inner  side  of  the  thigh  (fig.  634,  SP)  and  in  front 
of  the  anus  are  constantly  present. 

As  a  rule,  the  females  after  copulation  (which  in  temperate  regions 
takes  place  in  summer)  lay  a  small  number  of  eggs ;  some  genera 
are  viviparous  (Anguis,  S'eps).  Most  are  harmless,  and  are  useful 
by  destroying  Insects  and  Worms ;  larger  species,  as  the  Igicana,  are 
hunted  for  the  sake  of  their  flesh.  By  far  the  greater  number,  and 
all  the  larger  and  more  beautifully  coloured  species  inhabit  the 
warmer  and  hot  countries. 
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Fossil  remains  of  Lizards  have  been  found  in  great  numbers,  the 
oldest  from  the  uppermost  strata  of  the  Jui'a.  The  Lizards  of  the 
chalk  {Mosascmrus,  etc.),  which  are  most  nearly  related  to  the  Mom- 
tors,  were  of  gigantic  size. 

Sub-order  1.  Annulata.  Body  snake-like,  with  hard  scaleless 
skin,  Avhich  is  divided  into  rings  by  transverse 
furrows  (fig.  642).  These  rings  are  again  crossed 
by  longitudinal  furrows  in  such  a  way  that  the 
surface  has  an  elegantly  plated,  mosaic-like  ap- 
pearance. There  are  large  scutes  only  on  the 
head  and  throat.  There  is  no  sternum,  and  the 
pectoral  girdle,  except  in  Chirotes,  remains  very 
rudimentary. 

Rudiments  of  a  pelvis  are  in  all  cases  present. 
As  a  rule  extremities  are  wanting,  but  small 
front  feet  {Chirotes)  may  be  present.  Eye-lids 
and  tympanic  membrane  are  absent ;  the  small 
eyes  are  covered  by  the  integument.  A  columella 
is  also  absent.  The  tongue  is  short  and  thick, 
without  sheath,  and  the  dentition,  as  in  the 
scaly  Lizards,  is  either  acrodont  or  pleurodont. 
They  are  harmless  animals,  and  live  for  the 
most  part  in  America,  like  the  Cceciliadce, 
beneath  the  ground,  usually  in  ant-hills,  and 
feed  on  Insects  and  Worms. 

Fam.  Amphisbaenidse.  A'mj)hishoena  alha  L.,  Brazil ; 
A.  fuUginosa  L.,  South  America  (fig.  642).  Chirotes 
luml)rieoides  Flem.  Mexico. 

Sub-order  2.  Vermilinguia.  Lizards  of  the 
Old  World,  with  vermiform  tongue,  which  can 
be  protruded  with  great  rapidity  to  a  great 
distance,  and  deep  laterally  compressed  body. 


which  is  covered  with  a  shagreen-like  skin.  The 


Fig.  642. — Am phhhaena 
fiiligiitosa  (regne  ani- 
mal). 


structure  of  the  skull  differs  considerably  from 
that  of  the  other  Lizards,  in  that  the  parietal  bones  are  not  mov- 
able on  the  occipital,  but  are  firmly  united  to  the  latter  and  to  the 
occipital  crest,  which  is  continued  over  the  parietals. 

Fam.  Chamaeleonidae.  The  feet  are  prehensile,  and  end  with  five  digits,  which 
are  arranged  in  bundles  of  two  and  three.  The  digits  of  each  bundle  are  con- 
nected together  as  far  as  the  claws,  and  the  two  bundles  work  on  one  another 
like  the  arms  of  a  pair  of  pincers.    The  long  and  slender  tail  is  prehensile, 
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coiling  roun<  twigs  and  branch.,,  tu  uUach  the  animal.    They  are  all  an-odo,U 
The  tympanic  me.nbrane  is  hidden,  being  covered  by  the  Legumcn  The 
Chamadeons  possess  the  remarkable  power  of  changin/the  colour  of Thd.:  sJn 
the  change  IS  dependent  on  the  Iight-stimul,.s  of  surrounding  objects  and 
subordinated  to  the  will  of  the.animal.     Kecent  researches,"  s'Slv  til 
o    Brueke,*  have  contributed  to  the  explanation  of  this  phenomenon'  Tw,. 
d  ttercnt  layers  o  p„ment  are  placed  beneath  the  thin  epidirmis-a  superficL 
mu    af  fx?'"'  ^         r^'"""-''        ^  ''''''      a..^.yn-o.n  to  bllck  the 

wnith  hpam  and  Africa.  ■, 

Sub-order  3.  Crassilinguia.  With  thick  and  sliort  fleshy  tongue 
which  IS  hardly  indented  at  the  point ;  as  a  rule  it  is  rather  rounded,' 

and  cannot  be  protruded.  Eyelids  are 
usually  present.  The  tympanic  membrane 
is  usually  exposed.  In  all  cases  there  are 
four  limbs,  with  digits  directed  forwards. 
They  live  exclusively  in  the  hotter  regions 
of  the  Old  and  Ne\\^  Worlds.  The  eastern 
and  western  hemispheres  contain  types 
sui-prisingly  alike,  which,  however  (with 
the  exception  of  the  Geckos)  can  be 
sharply  distinguished  by  their  dentition ; 
all  those  found  in  America  are  pleurodont, 
those  of  the  Old  World  are  acrodont. 

Fam.  Ascalahotae.  Geckos.  Lizards  of  clumsy 
Salamander-like  form,  and  of  small  size;  with 
viscous  lobes  on  the  digits  for  attachment,  and 
mth  biconcave  vertebras.  They  are  all  pleuro- 
dont, and  without  palatal  teeth.  They  are  shy, 
nocturnal  animals,  and  their  eyes  are  large  and 
without  lids.  They  climb  and  run  very  skilfuUy 
on  smooth  and  steep  Avails,  with  the  help  of  their  retractile  claws  and  the 
lobes  on  their  digits.  They  live  for  the  most  part  in  hot  countries  ;  only  a 
feAv  are  found  in  South  Europe.  They  are  harmless,  but  are  erroneously  con- 
sidered as  poisonous  on  account  of  the  acrid  fluid  of  their  clinging  digits.  At 
night  they  make  a  loud  cry,  sounding  like  the  word  "  Gecko."  Platydactylm 
mmiHtanicua  L.  (fig.  643) ;  PL  mvralis  Dum.  Bibr.  Mediterranean  coasts  ; 
Hemidactylus  vcmiculatus  Cuv.  Mediterranean  coasts  ;  PtycUozon  honialoee- 
2)haluiii  Kuhl.,  Java. 

Fam  Iguanidae.  Leguana.  The  body,  which  is  somewhat  laterally  compressed, 
is  supported  by  long  slender  legs,  which  are  pre-eminently  adapted  for  climbing. 
The  head  is  more  or  less  pyramidal,  and  often  raised  like  a  helmet,  and  of  a 
peculiar  shape,  in  consequence  of  the  possession  of  a  membranous  jugular  sac. 


Fig.  643. — Platydactylug  mattri- 
tanicus. 


*  E.  Briicke,  "  Untersuchungen  iiber  den  Farbenweclisel  des  afrikanischen 
Chamaeleons,"  Denlcschr.  dcr  It.  Ahad.  dcr  Wiascn-iclt..  M'ii'?i.  1852. 
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Tympanic  membrane  usually  exposed.  Many  of  them  have  a  spiny  dorsal 
crest,  and  change  their  colour  like  the  Chaiaajleons. 

The  following  Iguanas  belong  to  the  western  hemisphere,  and  are  pleurodont  : 
Polijckrus  marmoratus  Cuv.,  Brazil ;  Iijuana  tuheraulata  Jjam. =sa2ndi.isima 
Men:,  West  Indies  ;  /.  ddicatissima  Laur.,  tropical  America  ;  Cijcluva  carinata 
Gray.  Cuba  ;  Badliscus  mitvatwi  Daud.,  South  America. 

The  following  belong  to  the  eastern  hemisphere,  and  are  acrodont  :■  Calotes 
ophiomaelms  Merr.,  Bast  Indies  ;  nraco  volam  L.,  Java  ;  LojMura  amhoineTisis 
Schloss. 

The  New  Zealand  genus,  Eattn-ia  =  Spharioclon,  which  was  formerly  reckoned 
among  the  IguanicLce,  shows  such  considerable  differences  in  its  organization 
that  Criinthcr  established  for  it  a  third  order  of  scaly  Eeptiles  under  the  name 
of  Rhynchoceplialia,*  which  Huxley  holds  to  be  allied  to  the  extinct  Triassic 
Lacertilian  genera  Hijperodaiyedoti  and  Rliyncliosaurus. 

Fam.  HumivagsB.  Lizards  with  broad  flat  body,  supported  by  shorter  limbs  ; 
of  almost  toad-like  aspect.  The  skin  is  not  unfrequently  covered  with  spiny 
scales.  They  live  on  the  ground  in  stony  and  sandy  places,  where  they  hide 
themselves  in  pits  and  holes. 

To  the  Ifumivar/ce  of  America,  which  are  all  pleurodont,  belong  Phnjnosoma 
orbicularo  Wiegm.,  Tapayaxin,  Mexico  ;  Trojjirlurus  cijclurus  Wied.,  Brazil. 


Fi&.  61i. — Scinciis  officinalis  (reffie  animal). 


To  the  Hit.mioagce  of  East  India  and  Af  .  ica,  which  are  acrodont,  and  possess 
canine  teeth,  belong  PhrynecciiliahiH  ItcVwscoims  Kp.,  Siberia  ;  Urommtix 
spinipcs  Merr.,  Egypt  ;  Agama  colon urum  Daud.,  Egypt  ;  Stdl'w  vulgaris  Latr., 
Hardiin,  Egypt. 

Sub-order  4.  Brevilinguia.  Scaly  Lizards,  with  elongated,  often 
snake-like  body.  The  limbs  are  very  diversely  developed.  The 
tongue  is  short  and  thick,  without  sheath,  more  or  less  indented  at 
the  thinner  anterior  end,  and  but  slightly  protrusible.  Eyelids  are, 
as  a  rule,  present.  The  tympanic  membrane  is  often  concealed 
■beneath  the  skin. 

Fam.  Scincoidese.  Sand-Lizards.  The  more  or  less  snake-like  body  is  covered 
with  smooth  bony  scales.  The  crown  of  the  head  is  invested  with  larger  scutes. 
Anguis  frag  His  L,,  Blindworm,  Europe;  Sri  nous  qfficinalu  Laur.  (fig.  644) 
Egypt;  Sepg  cJialeidica  Merr.,  Dalmatia:  Acontias  malcagris  Cuv.,  Cape. 

*  A.  Gunther,  "  Contribution  of  the  Anatomy  of  Hatteria  (Rhynchoce- 
phalvx')  Gray."    PhU.  IVarnt.  Boy.  Soc,  London,  vol.  157.  ii.,  1867. 
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ham  Ptychopleurffl.  The  body  is  provided  with  two  lateral  folds  of  8kin, 
covered  with  small  scales.  These  folds  extend  fro.n  the  region  of  the  ear  to 
near  the  anus,  and  form  the  boundary  Ijetween  the  dorsal  and  ventral  surfaces. 
A>nurv.  Cmlylm  Merr.  ==  Cuv.,  South  Africa;  Pxculojmx  PaUaxii, 

Cuv.,  bouth-east  Europe,  and  in  lower  Austria  ;  P>/r,ojjm  (liipe,)  lepidojm. 
Lacep,  New  Holland  (fig.  U-il)  ;  Ckamemnra  anrjnina  Schn.,  Cape  ;  Ophuaurm 
cciitmlis  Daud.,  North  America. 

Sub -order  5.  Fissilinguia.  Pleiorodonta,  with  long  and  thin,  pro- 
trusible  bitid  tongue,  usually  witli  complete  eyelids,  and  always  with 
exposed  tympanic  membrane.  The  scales  of  the  trunk  are  small  and 
imbricated,  those  of  the  long  tail  mostly  lozenge-shaped. 

Fam.  lacertidae.  Mostly  brightly  coloured,  very  agile  Lizards,  with  long 
tail  and  head  covered  with  scutes.  The  ventral  surface  is  covered  with  usually 
rhomboidal  scales,  arranged  in  oblique  rows.  Laccrta  vivipara  L.,  (Jennany 
and  South  Europe,  viviparous ;  L.  ocellata,  Daud.  ;  L.  viridix,  green  with 
black  spots  in  front,  Dalmatia ;  L.  agilis  1,.  =  .ttirpium  Daud.,  common 
Lizard  ;  L.  niuralis  Merr.,  South  Eui'opc  ;  Hclodevmahorridum  Wiegm.,  Mexico. 

Fam.  Ameividae.  Lizards  of  the  New  World  whose  head  is  covered  with 
scutes,  as  in  the  Lacertidce,  while  the  abdomen  is  covered  with  rhomboidal 
scutes,  arranged  in  transverse  rows.  Tejns  monitor  MeiT.  =  T.  Tejueoein  L.. 
Brazil,  live  in  holes  in  the  earth  and  in  hollow  trunks  of  trees.  Feed  on  Mice, 
Insects,  and  Worms,  and  are,  including  the  long  tail,  four  or  five  feet  long. 
They  are  hunted  and  eaten.    Ainciva  vulgaris  Licht.,  We.st  Indies. 

Fam.  Monitoridae.  Elongated  Lizards  of  large  size,  without  femoral  pores. 
The  crown  of  the  head,  the  back  and  the  abdomen,  are  covered  with  small 
plate-like  scales.  The  separation  of  the  ventricles  of  the  heart  is  the  most 
complete  in  the  whole  order.  Psamiiiomurun  srbicus  Merr.  =  Varamis  arenarivs 
Dum.  Bibr.,  Egypt ;  the  Land  Crocodile  of  Herodotus  ;  Monitor  tiiloticus  Rassl., 
eats  the  eggs  of  the  Crocodile. 

The  Proterosauria  and  Thecodontia  are  fossil  groups  of  Saurians. 
The  former  represent  the  oldest  Lizards,  and  are  distinguished  by  the 
possession  of  biconcave  vertebral  bodies  and  bifid  spinous  processes. 
They  are  found  in  the  Kupferschiefer.  The  Thecodontia,  also  with 
biconcave  vertebras,  possessed  compressed  teeth  wedged  into  alveoli, 
with  their  crowns  covered  with  finely  serrated  striae ;  they  belonged 
to  the  Triassic  period. 

The  fossil  Dinosauria  must  be  mentioned  as  a  special  order  of 
Reptiles.  These  were  the  colossal  terresti'ial  inhabitants  of  the  Jura, 
Weald,  and  lower  chalk ;  in  several  features  of  their  structure  they 
recall  Mammals,  especially  the  Pachydermata. 

Other  orders  of  fossil  Saurians,  as  the  Ornithoscelida,  present 
modifications  which  point  in  various  ways  to  the  organisation  of 
birds.  Characterised  by  the  prteacetabular  extension  of  the  ilium 
and  the  downward  direction  of  the  elongated  pubis  and  ischium,  they 
possessed,  at  least  in  the  group  which  includes  the  Jurassic  genus 
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Gompsogncdhus,  very  long  cervical  vertebne,  an  almost  bird-like  head, 
a  very  long  neck,  short  anterior  and  very  long  posterior  ribs,  ihe 
astragalus  is  fused  with  the  long  tibia,  as  in  birds.  _ 

The  Pterosauria  or  Pterodactyls,  which  likewise  lived  principally 
in  the  Jurassic  period,  were  flying  Sampans.  The  external  finger  of 
the  hand  was  elongated  in  the  form  of  a  sabre,  and  of  considerable 
strenc^th  (fi^-.  118);  it  probably  supported  an  expansion  of  the 
integument,  which  enabled  the  animal  to  float  along  in  the  air,  el- 
even to  fly. 

Rhamphdrhjnchus    Gemmingii    H.    v.    M.,    lithographic  slate. 
Pterodactyhis  lomjirostrls  Cuv.,  Jura. 

Sub-class  2. — Hydrosauria.* 

Aqitatic  Reptiles  of  considerable  size,  with  teeth  tvedged  into  the 
jmvs,  and  leathery  or  armoured  skin,  with  swimming  fins  or  powerful 
feet,  the  digits  of  2vhich  are  connected  hy  toehs. 

The  Hydrosaurians,  represented  at  the  present  time  by  the  Croco- 
diles, are  characterised  by  their  usually  gigantic  size,  by  an  organi- 
sation corresponding  to  their  aquatic  habits,  and  by  their  high 
development. 

The  numerous  fossil  forms  were  exclusively  inhabitants  of  the  sea, 
and  had  swimming  fins  resembling  those  of  Whales ;  the  bones  of 
the  arm  were  short,  the  carpal  bones  and  the  phalanges  were  mimer- 
ous,  and  the  digits  were  connected.    The  vertebral  column,  which 
was  movable  in  its  individual  regions,  and  still  composed  of  broad 
amphiccelous  vertebrte,  was  prolonged  into  a  tail  of  considerable  size, 
which  was  probably  surrounded  by  a  membranous  fin.    At  a  higher 
grade  of  development  the  vertebral  column  consists  of  opisthocoelous 
reptilian  vertebrae,  and  ends  with  a  swimming-tail,  surrounded  by 
a  cutaneous  fold.    The  extremities  become  more  and  more  like 
feet,  and  the  distinctly  separated  digits  are  still  webbed.  Such 
forms  no  longer  inhabit  the  high  sea,  but  are  found  on  the  coast 
in  lagoons,  and  near  the  mouths  of  rivers.    They  go  up  on  to  the 
land,  and  move  quickly  upon  it,  but  they  are  unable  to  turn  quickly 
and  easily. 

The  dentition  shows  that  the  Hydrosaurians  are  powerful  preda- 
*  R.  Owen,  "PalfBontology."   London,  1860. 

Huxley,  "  On  the  dermal  armour  of  Jacare  and  Caiman,  etc."  Jovrn.  Proceed. 
lAnn.  Sac,  vol.  iv.,  ISfiO. 

Kathke,  "  Untersuchungen  iiber  die  Entwickelung  und  den  Kbrperbau  der 
Crocodile."    Braunschweig,  1866. 
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tory  animals.  Tlie  Hat  he^td  is 
prolonged  into  a  long  snout;  the 
long  jaw8  are  armed  with  sharp 
conical  prehensile  teeth,  which  are 
I  wedged  into  deep  alveoli;  the  crowns 
of  the  teeth  are  sometimes  smooth, 
sometimes  striated  or  superficially 
g       folded,  and  are  gradually  replaced 

I  by  succeeding  supplementary  teeth, 
jjj-  Ribs  are  present  in  great  numbers, 
-|    not  only  in  the  very  long  thoracic 

I I  region,  but  also  in  the  cervical  and 
M  >    abdominal  regions. 

I  In  the  Crocodiles  there  is,  in  the 
abdominal  region,  a  narrow  sternum 
ahdominale,  which  is  prolonged  to 
the  pelvic  girdle,  and  bears  on  its 
|.s  sides,  a  number  of  abdominal  ribs, 
the  upper  ends  of  which  do  not 
•each  the  vertebral  column  (fig.  645), 
The  internal  organisation  probablv 
g  '-^  presented  different  grades  of  per- 
■||  faction  in  the  various  groups,  of 
ifjf    which  only  the  highest— Wz.,  that 

I  found  in  liviiig  Crocodiles — can  be 
^^B     known  to  us. 

■° 

g  3  Order  1. — Enaliosauria. 

I I  Hydrosauria  loith  naked  leathery 
^-_g-  skin,  biconcave  vertebrce  and  sioim- 
^  ming  fins  {confined  to  the  secondary 
5  jieriod). 

5  The  remains  of  these  gigantic  in- 

°  habitants  of  the  sea,  which  lived 
I  through  the  secondarA^  period  from 
I  its  beginning  to  its  end,  show  that 
j;       they  were  the  most  powerful  marine 

animals  of  that  time.  They  were 
£       of  extreme  length,  and  possessed  a 

usually  elongated,  flat  snout  Avith 
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numerous  conical  prehensile  teeth,  a  very  long  mobile  trunk,  and 
tin-like  extremities  as  in  the  Whales. 

Fam.  Nothosaurii  {Sauropteriigii  Owen).  With  elongated  bones  of  the 
upper  jaw  wliich  reach  to  the  point  of  the  long  snout ;  without  superior  temporal 
bones  ;  with  simple  conical  teeth.  Belong  to  the  Trias.  Kothosaurus  mirabilis 
Miinst. ;  Simosairi-us  H.  v.  M.,  and  others. 

Fam.  Plesiosaurii  (_&mroj)tc)-i/ffii  Owen).  With  long  snake-like  neck,  short 
head  and  tail,  and  elongated  swimming  fins.  They  lived  in  the  Jura  and  the 
chaDi.    Plesiosaurvs  Conyb. 

Fam.  Ichthyosanrii  {Ichthyo^jterygii  Owen).  With  very  short  neck,  thick 
elongated  body,  short  swimming  fins,  and  long  tail  probably  surrounded  by  a  fin. 
The  snout,  pointed  and  elongated  like  a  beak,  is  principally  formed  by  the 
prajmaxillary  bones.  The  teeth  present  a  striated  and  folded  surface,  and  are 
closely  crowded  together.  They  are  found  principally  in  the  Jura,  rarely  in 
the  chalk.    leJttJiynsaw'vs  conmiimis  De  la  Beche,  etc. 


Order  2. — Crocodilia  (Loricata). 

Hi/drosauria,  with  hony  dermal  plates  and  teeth  loedged  into  the 
hones  of  the  jaws,  to  tohich  they  are  confined;  loith  four  'partly  davoed 
feet  and  long,  keeled  sioi'nmiing  tail. 

The  extreraities  no  longer  have  the  form  of  swimming  fins,  but  of 
freely  articulated  legs  and  feet  with  separated  digits.  The  integu- 
ment is  granular  and  leathery,  and  contains,  especially  on  the  dorsal 
sui'face,  large  and  in  part  keeled,  osseous  plates.  On  the  tail  these 
plates  form  a  dentated  crest,  paired  in  front,  but  in  its  hinder  part 
simple. 

The  broad  flat  skull  is  distinguished  by  the  corroded  appear- 
ance of  the  siu-face  of  the  bones,  and  possesses  separated  alisphenoids, 
and  above  the  maxillo-jugal  arcade  a  supra-temporal  arcade,  which 
is  separated  from  the  orbit  by  a  bony  bridge  (process  of  the  post- 
frontal  and  jugal).  The  roof  of  the  skull  is  formed  by  an  unpaired 
parietal  and  frontal,  to  which  are  joined  the  paii-ed  nasal  bones.  The 
upper  jaws  are  firmly  united  with  the  skull  and  are  elongated  so  as 
to  form  a  long  snout,  at  the  end  of  which  the  paired  prfemaxillary 
bones  are  wedged  in.  The  sides  of  the  snout  are  formed  by  the 
maxillary  bones  w-hich  are  very  large.  The  prtemaxillaries,  which 
bound  the  nasal  apertures,  and  the  maxillaries  develop  horizontal 
palatal  plates,  which  meet  in  the  middle  line  and  form  the  anterior 
part  of  the  hard  palate.  The  lacrymal  is  always  of  considerable 
size.  Behind,  the  palatine  and  pterygoid  develop  palatal  plates  which 
unite  suturally  in  the  median  line,  and  constitute  a  completely  closed 
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roof  for  the  buccal  cavity.  The  pOHterior  iiares  which  are  surrounded 
by  the  paired  vomers  open  at  the  posterior  margin  of  the  l)uccal 
cavity.  The  conical  teeth,  which  are  completely  confined  to  the 
bones  of  the  jaws  [pra^maxillte,  maxillse,  and  mandible],  are  deeply 
wedged  into  rtlveoli,  and  they  present  slightly  eompi-essed  striated 
crowns.  The  fourth  tootli  of  tlie  nuindible  is  usually  distinguished 
by  its  great  size  as  a  prehensile  tooth,  and,  when  the  jaws  are  shut, 
fits  into  a  gap  or  an  excavation  in  the  upper  jaw.  In  the  TeUo- 
sauria  the  vertebrae  are  amphicojlous ;  in  the  Steneosauria,  wliich  are 
also  extinct,  they  are  opisthoccelous,  and  in  the  Crocodiles  of  the  pre- 
sent day  proccelous. 

The  internal  organisation  of  the  living  Crocodiles  is  the  liighest 
amongst  all  Reptiles.  The  eyes  have  vertical  pupils  and  two  lids  as 
well  as  a  nictitating  membrane.  The  nasal  ojjenings  lie  far  forward 
on  the  pomt  of  the  snout,  and,  as  well  as  the  ears  which  are  placed 
far  back,  can  be  closed  by  cutaneous  valves.  The  buccal  ca\T.ty,  to 
the  floor  of  which  is  attached  aflat  non-protractile  tongue,  is  without 
salivary  glands,  and  leads  by  a  wide  oesophagus  into  the  rounded 
muscular  stomach,  which  resembles  that  of  Birds  in  form  and  struc- 
turO;  and  specially  in  the  aponeurotic  discs  of  its  internal  lining. 
The  stomach  is  followed  by  a  thin-walled  duodemim,  which  Is  beset 
with  papillae,  and  passes  into  the  small  intestine,  which  is  folded  in 
a  zigzag  fashion.  There  is  no  caecal  appendage  to  the  short  Avide 
large  intestine.  The  latter  becomes  narrow  and  almost  funnel- 
shaped,  before  it  opens  into  the  cloaca,  from  the  anterior  wall  of 
which  arises  the  erectile  copulatory  organ.  The  structure  of  tlie 
heart  is  the  most  perfect  found  in  all  Reptiles,  and,  in  the  com- 
plete separation  of  a  right  venous  and  a  left  arterial  portion,  affords 
a  direct  transition  to  that  of  the  warm-blooded  animals.  Finally, 
the  free  communication  of  the  body  cavity  by  openings  of  the 
so-called  peritoneal  canals,  which  recall  the  abdominal  pores  of  the 
Ganoids  and  Selachians,  deserves  to  be  mentioned  as  peculiarities  of 
the  Crocodilia. 

Three  groups  of  Crocodiles  are  to  be  distinguished :  two  of  these 
the  Teleosauria  [Amphicodlia)  and  Steneosmiria  (Ojjist/ioccelia)  are 
extinct.  The  former  with  the  genera  Mystriosaurics  Kp.  and  Teleo- 
scmrus  Geoft'r.  are  confined  to  the  Jurassic  formation,  the  latter  with 
Steneosaurus  Geoffi-.  Cetiosaurus  Owen,  etc.,  occur  in  the  Jm-a  and 
in  the  chalk.  Only  the  third  group  of  the  Crocodiles  or  Proecelia 
has  persisted  from  the  chalk  onwards  through  the  tertiary  period  to 
our  own  time. 
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Sub-order  Proc(Blia  =  Crocodilia,  s.str. 

With  proccelous  vertebrte  and  long  compressed  swimming  tail,  the 
dorsal  side  of  which  bears  a  double  cutaneous  crest,  which  becomes 
single  at  the  posterior  end.  The  anterior  feet  with  five  free  digits  ; 
the  posterior  with  four  digits,  which  are  more  or  less  united  by 
webs.  Live  in  the  mouths  and  lagoons  of  great  rivers  in  the  warmer 
climates  of  the  Old  and  New  Worlds,  and  seek  their  prey  by  night. 
The  hard-shelled  eggs  are  laid  in  the  sand  and  in  holes  on  the  banks. 

Fam.  Crocodilidae.  The  so-called  canine  teeth  (fourth  tooth  of  the  lower 
jaw)  fit  into  a  notch  of  the  margin  of  the  upper  jaw.  Hind  feet  with  com- 
plete swimming  membrane.  Crooodilus  inilgarix  Cuv.,  Nile.  C.  rliomhifer 
Cuv.,  Cuba. 

Fam.  Alligatoridse.  The  snout  is  broad  and  without  notch  for  the  so-called 
canines  of  the  mandible.  Swimming  membranes  only  partially  developed  or 
rudimentary.  [Found  only  in  America.]  Alligator  lucius  Cut.  ;  Caiman 
{Jacare)  sclcrojys  Schn. 

Fam.  Gavialidae.  Rham])hostoma  gamjeticuni  Geoffr.,  Bast  Indies  ;  RhynGh- 
osnchuft  Schlcgi-lii  Gray,  Australia. 

Sub-class  3. — Ohelonia.* 

RejJtilia  of  short,  stout  form  of  body,  with  an  upper  and  lower 
osseous  shield  which  covers  the  dorsal  and  ventral  surfaces.  There  are 
four  feet,  and  the  jaws  are  without  teeth. 

'No  other  group  of  Reptiles  is  so  clearly  defined  and  characterised 
to  the  same  extent  by  peculiarities  of  form  and  oi-ganisation  as  is 
that  of  the  Chelonia.  The  investment  of  the  body  by  an  upper, 
more  or  less  arched  and  usually  osseous  dorsal  shield  (carajmce),  and 
by  a  lower  ventral  shield  (^plastron),  joined  to  the  former  by  lateral 
arches,  forms  a  character  as  distinctive  of  the  Chelonia  as  is  the 
possession  of  wings  and  feathers  of  the  class  Aves. 

The  shield-like,  dermal  armour  (fig.  646)  beneath  which  the  head 
extremities  and  tail  can  often  be  retracted,  owes  its  origin  partly  to 
osseous  parts  of  the  vertebral  column  and  partly  to  the  accessory  der- 
mal bones,  which  are  intimately  connected  with  the  former.  The 
flat  plastron  contains  nine  more  or  less  developed  osseous  pieces,  an 
anterior  unpaired  inter clavicidar,  and  four  pairs  of  lateral  pieces  (the 
anterior  being  distinguished  as  clavicularia)  between  which  there 

*  H.  Ilathke, "  Ueber  die  Entwickelung  der  Schildki-oten,"  Braunschweig, 
1848, 

Gray,  "  Catalogue  of  the  Shield  Reptiles  in  the  Collection  of  the  British 
Museum,  Part  I.,  London  1855,  Suppl.,  1870.  Append.,  1872. 

L.  Agassiz,  "  Embryology  of  the  Turtle."  Natural  History  of  the  United 
States,  vol.  HI.,  part  III.,  1857. 


VOL.  II. 


15 


226 


KEPTILIA. 


may  be  left  a  median  space,  closed  by  skin  or  cartilage  {Trimiyx, 
Chelonia,  etc.).  The  spinous  processes  and  ribs  of  the  thoracic  vertebrae 
take  pai-t  in  the  formation  of  the  large  carapace,  as  well  as  a  numJjei- 
of  paired  and  unpaired  osseous  dermal  plates,  wliich  are  placed  partly 
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Fig.  (346.— Skeleton  of  Cidudo  (Emys)  niropaea.  V,  vertebral  (neural)  plates;  C,  costa 
plates ;  M,  marginal  plates ;  mt,  nuchal  plate ;  Py,  pygal  plate ;  B,  plastron  (ventral 
shield);  CI,  clavicle;  Jcl,  inter-clavicle;  Sc,  scapula;  Co,  coracoid;  Pco,  acromial 
process  (pro-coracoid);  Fb,  pubis;  Js,  ischium;  Jl,  iUum ;  ff,  humerus ;  M,  radius; 
U,  ulna ;  Fe,  femur ;  T,  tibia ;  F,  fibula. 

in  the  median  line  in  the  neck  {mtchal2}late),  and  in  the  sacral  region 
(jjygal  plate),  and  partly  laterally  at  the  edge  of  the  shield  (22  mar- 
ginal plates). 

While  the  spinous  processes  of  eight  of  the  thoracic  vertebrfe  (2nd 
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to  9th)  appear  in   the  median  line   as  hoi-izontal  plates  [neural 
plates],  the  i-ibs  of  the  same  vertebrfe  (2nd  to  9th,  these  ribs  are  dis- 
tinguished from  the  first  and  last  libs  by  their  gi-eater  length)  are 
transfoi-med  into  broad  transverse  pl£ites  [costal  plates],  which  are 
joined  with  one  another  by  indented  sutures,  and  present  the  special 
peculiarity  of  giving  ofi"  broad  processes,  which  arch  over  the  muscles 
of  the  back,  and  ai-e  connected  with  the  neural  plates  (expanded 
spinous  processes).     In  addition,  larger  plates,  which  owe  their 
origin  to  cornifications  of  the  epideimis,  are  usually  present.  They 
are  applied  to  the  outer  surface  of  both  the  dorsal  and  ventral  shields 
and  are  used,  in  the  case  of  some  of  the  larger  species,  as  tortoise- 
shell.    They  by  no  means  correspond  with  the  subjacent  bony  pieces, 
but  are  very  reg-ularly  arranged  in  such  a  manner,  that  in  the  dorsal 
shield  a  median  and  two  lateral  rows  of  plates  can  be  distinguished, 
and  round  the  periphery  a  circle  of  marginal  plates.    On  the  ventral 
surface,  on  the  other  hand,  there  is  a  double  row  of  such  plates. 

Unlike  the  middle  (thoracic)  I'egion  of  the  vertebral  column,  the 
vertebrfe  of  which  are  firmly  connected  with  the  dorsal  shield,  the 
cervical  and  caudal  vertebrae  are  always  movable  upon  one  another. 
The  cervical  region  is  exceedingly  flexible,  and  can  be  more  or  less 
completely  retracted  within  the  shell ;  it  consists  of  eight  long  ver- 
tebrfe,  which  are  without  ribs.  The  ten  rib-bearing  vertebra  are 
followed  by  two  or  three  sacral  vertebrje,  which  project  beneath  the 
carapace,  and  by  a  considerable  number  of  very  movable  caudal 
vertebrae. 

The  head  is  tolerably  arched :  the  bones  of  the  skull  are  firmly 
united  to  one  another  by  sutures,  and  form  a  broad  roof,  which  is 
prolonged  into  a  strongly  developed  occipital  crest.    The  skull  is 
characterised  l)y  the  possession  of  a  pair-  of  parietal  bones  and  of 
large  anterior  frontals.    Descending  lamellar  processes  of  the  parietal 
bones  extend  along  the  sides  of  the  cartilaginous  cranial  capsule  as  far 
as  the  short  basisphenoid.    The  temporal  fossa  is  most  completely 
roofed  in  in  the  marine  Chelonia  by  broad  osseous  plates  Avhich  are 
formed  by  the  postfrontal,  jugal,  quadrato-jugal,  and  the  squamosal. 
The  opisthotic  remains  as  an  independent  bone  behind  the  prootic, 
which  forms  the  lateral  walls  of  the  cranial  cavity.    All  the  parts  of 
the  maxillo-palatine  apparatus  as  well  as  the  quadrate  are  firmly 
connected  with  the  bones  of  the  skull,  and  are  marked  ofi"  from  one 
another  by  serrated  sutures.     The  facial  parts  of  the  skull  are 
strikingly  short,  and  the  nasal  bones  are  absent.     The  bony  palate 
is  formed  by  the  broad  palatine  and  the  unpaired  vomer,  behind  the 
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palatiiie  plates  of  whicli  the  postericn-  nare.s  open.  The  pterygoid.s 
are  very  broad  and  lamellar.  Teeth  are  completely  absent,  both  on 
the  palatal  bones  and  on  the  high,  relatively  short  bones  of  the  jaws, 
but  the  edges  of  the  latter  are  covered,  like  the  beak  of  a  bird,  b}' 
sharp  catting,  serrated  horny  plates,  which  enable  certain  species 
to  bite  with  great  vigour  and  to  inflict  sensible  wounds. 

The  four  limbs  enable  the  Ghelonia  to  creep  and  run  on  land :  in 
the  aquatic  forms,  however,  they  are  swimming  feet  or  fins.  Tlie 
position  of  the  pectoral  and  pelvic  girdles,  and  of  the  corresponding 
muscles,  between  the  dorsal  and  ventral  shields,  is  remarkable ;  but 
fully  explained  developmentally  by  the  growth  of  the  anterior  and 
posterior  ribs.  The  scapula  is  formed  of  an  ascending  rod-like  bone, 
the  upper  end  of  which  is  attached  to  the  transverse  process  of  the 
anterior  thoracic  vertebra  by  a  ligamentous  or  cartilaginous  connec- 
tion. A  strong  acromial  process  (procoracoid)  reaches  from  the 
scapula  to  the  unpaired  portion  of  the  ventral  shield,  to  which  it  Ls 
likewise  attached  by  a  ligamentous  or  cartilaginous  connection.  The 
pelvis  closely  resembles  that  of  the  Saurians,  and  except  in  the  Land 
Tortoises  is  not  firmly  connected  with  the  carapace. 

In  the  organs  of  digestion  and  reproduction  Chelonians  partly 
resemble  Crocodiles  and  partly  Birds.  They  especially  resemble  the 
former  in  the  structure  of  the  male  generative  organs,  and  in  the 
possession  of  peritoneal  canals,  which  are,  however,  closed.  The 
opening  of  the  genital  ducts  and  the  ureters  into  the  neck  of  the 
urinary  bladder,  which  accordingly  functions  as  a  iirogenital  sinus, 
is  worthy  of  remark.  The  eyes  are  placed  in  closed  orbits,  and  have 
lids  and  a  nicticating  membrane.  There  is  always  a  tympanic 
cavity  with  a  wide  Eustachian  tube,  a  long  columella  and  a  tym- 
panic membrane,  whicli  is  visible  externally.  The  tongue  is  attached 
to  the  floor  of  the  buccal  cavity,  and  is  not  protrusible ;  in  the  Land 
Tortoises  it  is  beset  with  long  papUlte. 

The  copvilation  lasts  a  day,  and  during  that  time  the,  male  is^ 
carried  on  the  back  of  the  female.  The  eggs  are  laid  in  small 
number,  except  in  the  marine  Chelonia,  in  which  they  are  more 
numerous.  They  contain  within  the  shell  a  layer  of  albumen,  sur- 
rounding the  yolk,  and  are  buried  in  the  earth,  in  the  aquatic 
Chelonians  near  the  shore.  According  to  Agassiz  the  North  American 
Marsh  Tortoises  lay  eggs  only  once  in  the  year,  while  they  copulate 
twice  (in  the  spring  and  autumn).  The  first  copulation,  according 
to  this  investigator,  takes  place  in  Emys  picta  in  the  seventh  year, 
the  first  deposition  of  eggs  in  the  eleventh  year  of  the  animal's  life. 
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These  facts  agree  with  the  slow  growth  of  the  body  of  the  Tortoises, 
:\nd  the  great  age  which  they  attain. 

The  Chelonians  belong  mainly  to  warmer  climates,  and  live  prin- 
cipally on  vegetables ;  many  of  them,  however,  also  live  on  Mollusea, 
Crustacea,  and  Fishes. 

Fossil  remains  are  first  found,  but  rarely,  in  the  upper  white  J ura. 
More  numerous  remains  ai-e  found  in  the  Tertiary  period. 

Fam.  Cheloniadae.  Turtles.  With  flat  dorsal  and  often  cartilaginous  ventral 
shield,  between  which  the  head  and  extremities  cannot  be  retracted.  The 
latter  are  fin-like  feet,  with  immovably  connected  digits,  which  axe  usually 
without  nails,  and  are  covered  by  a  common  skin.  The  anterior  limbs  are  much 
longer  than  the  posterior.    Chelon'm  esculenUi  Merr.  ;  Ch.  QCaretta)  iinbricata 


Fig.  647; — Thalassochelys  caretta  (rfegne  animal). 


L.,  Atlantic  and  Indian  Ocean;  Thalassochelijit  caretta  L.  =  corticata  Rond. 
(fig.  647),  Atlantic  Ocean  and  Mediterranean  ;  Spharg  'ts  coriaoea  Gray.  Rare 
in  the  Mediterranean,  more  common  in  the  Atlantic  Ocean  and  South  Sea. 

Fam.  Trionycidse.  Soft  or  Mud  Tortoises.  With  flat,  oval,  incompletely 
ossified  dorsal  shield,  and  long  retractile  neck.  Jaws  with  cutting  edges,  sm-- 
rounded  by  fleshy  lips.  The  head  and  feet  are  not  retractile.  The  nasal 
openings  are  on  the  long  snout.  T^'ionyx  ferox  Merr.  A  fierce  animal.  Found 
in  the  rivers  of  Georgia  and  Carolina.    Good  to  eat. 

Fam.  Chelydae.  Head  and  feet  not  retractile.  Latter  end  with  fi-ee  digits, 
which  are  webbed  and  furnished  with  claws.  Chelyn  jimbriata  Schweig., 
Matamata,  South  America. 

Fam.  Emydae.  Freshwater  Tortoises.  Dorsal  shield  flat,  plastron  usually 
amall.  Feet  thick,  with  freely  movable  digits,  which  are  connected  by  a  wel\ 
They  swim  excellently,  and  move  also  with  great  facility  on  land.    They  prin- 
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cipuUy  inhabit  sluggisli  rivers  and  ponds.  CMvdn  curoju/^a  Hcliuoid.  =  lutaria 
ae«n.,  the  common  Tortoise  of  South  Europe  and  East  Germany  ;  JiJmi/ti  caxinra, 
on  the  Caspian  Sea,  in  Dalmatia  and  Greece  ;  Chi-lydra  scrpcntma  L.,  with  very 
shar|)  jaws,  in  North  America. 

Fam.  Chersidae.  I.and  Tortoises.  With  liigb,  arched,  ossified  carapace; 
head  and  feet  retractile.  The  digits  are  immovably  connected  as  far  as  the 
nails  to  thick  chib-feet,  with  indurated  soles.  They  live  in  damp  and  shady 
lociilities  in  warm  and  hot  climates,  and  feed  on  plants.  Timtudo  gratca  \]., 
neiiioralu  Aldr.,  =  manjinata,  South  Italy  ;  T.  tahulata  Daud.,  in  America. 


CHAPTER  VIII. 

Class  IV.— AVES,*  BIRDS. 

Warm-hlooded  ovijyarous  animals,  covered  loith  feathers.  Tlhecliam- 
bers  of  the  heart  are  completely  separated.  The  riyht  aortic  arch 
persists.  There  is  a  single  occi2ntal  condyle,  and  the  anterior  limbs  a/re 
tra^isformed  into  wings. 

As  opposed  to  the  poikilothei-mic  Vertebrates  {i.e.,  Vertebrates 
whose  temperature  varies  with  that  of  the  external  medium)  the 
blood  of  Aves  and  Mammalia  possesses  a  high  temperature,  which 
remains  tolerably  constant  in  spite  of  the  changing  temperature  of 
the  external  medium.  This  maintenance  of  a  constant  temperature 
demands  above  everything  a  great  energy  of  metabolism.  The  .sur- 
face of  all  the  vegetative  organs,  especially  of  the  lungs,  kidneys,  and 
alimentary  canal,  has  a  relatively  greater  extension  in  the  warm- 
blooded than  in  the  cold-blooded  animals.  The  operations  of  diges- 
tion, preparation  of  blood,  circulation  and  respiration  are  carried  on 
with  much  greater  energy.  With  the  need  of  a  richer  noui-ishment, 
the  processes  of  vegetative  life  take  a  disproportionately  more  rapid 
course,  and  as  the  high  and  uniform  temperature  of  the  blood  is  a 
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condition  necessary  to  their  very  maintenance,  they  seem  to  be  the 
principal  source  of  warmth  produced.  Since  the  loss  of  heat  is 
greater  when  the  temperature  of  the  external  medium  is  lowered,  the 
activity  of  the  vegetative  organs  must  considerably  increase  in  the 
colder  season  of  the  year,  and  in  the  northern  climates. 

In  addition  to  the  continual  addition  of  new  quantities  of  heat,  a 
second  cause  contributes  to  the  maintenance  of  the  constant  tempera- 
ture of  the  warm-blooded  animals.  This  is  the  protection  afforded 
by  the  special  nature  of  the  covering  of  the  body.  While  the  Ver- 
tebrates A^dth  a  valuable  temperature  have  a  naked  or  armoured  skin, 
Birds  and  Mammals  have  a  more  or  less  close  covering  of  hairs  or 
feathers,  which  limits  to  a  great  extent  the  loss  of  heat  by  radiation. 
The  large  aquatic  animals,  on  the  other  hand,  have  a  scanty  covering 
of  hair,  but  they  develop  thick  layers  of  fat  beneath  the  cutis,  which 
serve  for  the  retention  of  heat,  and  at  the  same  time  for  hydrostatic 
purposes. 

There  is  in  all  cases  a  mutual  relation  of  a  complicated  kind  be- 
tween the  factors  which  favour  the  withdrawal  of  heat  and  the 
conditions  of  the  retention  and  the  formation  of  heat,  a  relation  which 
in  spite  of  many  variations  in  its  individual  factors  results  in  the 
equalization  of  the  heat  generated  and  the  heat  lost.  Some  Mam- 
mals are  able  to  maintain  their  proper  temperature  only  within  certain 
limits  of  the  external  temperature ;  these  animals  are  to  a  certain 
extent  incompletely  homothermic,  and  when  the  temperature  sinks 
below  a  certain  point  they  fall  into  the  so-called  winter-sleep 
{hibernation),  i.e.,  a  state  of  rest  characterised  by  an  almost  com- 
plete absence  of  movement,  and  by  a  diminution  in  the  energy  of  all  the 
\'ital  processes.  In  the  class  of  Birds,  whose  higher  temperature 
permits  of  no  interruption  or  limitation  of  the  vital  functions,  there 
is  no  example  of  hibernation.  But  these  animals  have  numerous 
means  of  heat  adjustment  at  their  disposal ;  in  particular,  the  swift- 
ness of  their  flight  enables  them  to  leave  their  homes  at  the  approach 
of  the  cold  season,  and  to  betake  themselves  to  warmer  climates, 
where  food  is  abundant.  The  common  migrations  of  the  migratory 
birds,  migrations  which  sometimes  extend  over  great  distances,  to  a 
certain  extent  take  the  place  of  the  winter-sleep  of  the  hibernating 
animals  ;  in  the  Mammalia  whose  organisation  permits  of  hibernation 
migrations  like  those  of  Birds  are  very  rare. 

The  most  essential  peculiarity  of  Birds,  and  one  with  which  many 
characteristics  both  of  external  appearance  and  of  internal  organi- 
sation are  correlated,  is  their  power  of  flight.     This  peculiarity  in 
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connection  with  tliese  characters  determines  the  shai-p  definition 
as  well  as  the  relatively  great  uniformity  of  the  class,  wliicli, 
indeed,  is  descended  from  the  Saurians,  but  exists  at  the  present 
day  without  any  forms  transitional  to  other  groups.  On  the 
other  hand,  the  remains  of  a  group  of  Saurians  {ArclmopUryx 
lUhogra-pldca)  have  been  discovered  in  the  Sohlenhofen  lithographic 
slate  which  combine  characters  of  the  Pterodactyls  with  those  of 
the  Birds, 

The  entire  structure  of  the  body  of  Birds  corresponds  witli  the  two 
principal  modes  of  locomotion— on  the  one  hand  flight,  and  on  the 
other  walking  and  hopping  on  the  earth.  The  trunk,  which  is  oval, 
is  supported  in  an  obliquely  horizontal  position  on  the  two  hind  legs, 
the  pedal  surface  of  which  stretches  over  a  relatively  large  area. 
Posteriorly  the  body  is  prolonged  into  a  short  rudimentary  tail,  the 
last^  vertebra  of  which  serves  for  the  support  of  a  gi-oup  of  stiff 
steering,  or  tail  feathers  {rectrices).  In  front  it  is  prolonged  into  a 
movable  neck,  on  which  is  balanced  a  light,  rounded  head,  with  a 
projecting,  horny  beak.  The  anterior  extremities,  which  are  trans- 
formed into  wings,  lie  folded  together  at  the  sides  of  the  body. 

Ai-rangements  for  lessening  the  weight  of  the  body  are  discernible 
in  the  special  structure  of  all  the  systems  of  organs;  these  are 
especially  noticeable  in  the  structure  of  the  osseous  skeleton.  The 
bones  contain  air-spaces  {j)neumaticity),  which  communicate  with 
the  air-sacs  of  the  body  through  openings  in  the  dense  and  firm 
osseous  substance,  which  is  however  confined  to  a  relatively  thin 
layer.  This  pneumaticity  is  most  highly  developed  in  those  biixls 
which  combine  a  quick  and  enduring  power  of  flight,  with  a  consider- 
able size  of  body  (Albatross,  Hornbill,  Pelican).  In  these  cases  all 
the  bones  except  the  quadrato-jugal  and  the  scapula  appear  to  be 
pneumatic,  while  on  the  othei-  hand  in  the  Ratitce  (Ostrich),  which 
have  lost  the  power  of  flight,  all  the  bones  except  some  of  the 
cranial  bones  are  filled  with  marrow. 

The  Skeleton. — Except  in  the  Ostrich-like  birds,  the  cranial  bones 
very  early  fuse  together  to  form  a  light  and  firm  skull,  which  articu- 
lates with  the  atlas  by  means  of  a  single  condyle.  The  squamosjil 
and  periotic  bones  (prootic,  epiotic  and  opisthotic)  fuse  to  form  a 
single  bone  which  is  lanited  with  the  occipital  and  with  Avhich  the 
quadrate  articulates.  The  large  frontal  bones  take  the  principal 
part  in  the  formation  of  the  cranial  roof.  Almost  the  whole  of  the 
upper  edge  of  the  large  oi-bit,  which  in  the  Parrots  is  closed  by  a 
lower  ring,  is  formed  by  the  frontal  bones.    An  independent  lachr}  - 
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mal  is  pre- 
sent at  the 
anterior 
mai'gin  of 
the  orbit. 
The  eth- 
moid r  e- 
gion  and 
the  cranial 
capsule  are  widely  sepai-ated  by  an  in- 
terobital  septum  of  considerable  size. 
The  latter,  sometimes  together  with  the 
remains  of  the  fused  orbitosphenoids, 
fi-equently   remains    membranous  and 
unossified  in  its  median  part,  and  i-ests 
on  an  elongated  bony  rod  corresponding 
to  the  basisphenoid.    At  the  base  of  the 
temporal  I'egion  there  are  two  bones — 
the  basitemporals  (Parker) — which  are 
ankylosed  with  one  another,  and  are 
probably  to  be  referred  to  a  parasphe- 
noid.    In  all  cases  independent  alisphe- 
noids  are  present.    The  ethmoid  region 
is  composed  of  a  vertically  placed,  un- 
paii-ed  ethmoid,  situated  in  the  anterioi- 
pi'olongation  of  the  intei'orbital  septum, 
and  of  lateral  ethmoids  which  sepai-ate 
the  eyes  and  nasal  cavities,  and  through 
which  the  olfactory  nerves  pass  into  the 
nasal  cavities.   The  lateral  ethmoids  may 
be  swollen  and  contain  ethmoidal  cells. 
In  front  of  them  are  developed  the  two 
nasal  cavities  with  their  bony  or  carti- 
laginous septum,  which  is  the  prolonga- 
tion of  the  unpaii-ed  ethmoid,  and  affords 
a  support  to  the  rolled-up  tui'binal  bones, 
which  are  sometimes  also  attached  to  the 
vomer.    The  facial  bones  unite  to  form 
a  projecting  beak,  the  margins  of  which 
are  covered  with  horny  substance,  and 
which  is  often  movably  connected  with  the 
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Fig.  S-JS.— Skull  of  OHs  tarda  (bust- 
ard), a,  From  the  side ;  h,  fi-om 
beneath.  Ob,  basi-oeeipital ;  C, 
condyle ;  01,  ex-occipital ;  Os, 
supra -occipital;  Sq,  squamosal; 
£1 ,  bsisi-temporal  (parasphenoid); 
Spb,  basi-sphenoid ;  Ah,  ali- 
sphenoid;  Siii,  inter-orbital  sep- 
tum ;  JEt,  median  ethmoid ;  Fa, 
parietal ;  Fr,  frontal ;  2£v,  maxil- 
lary; Jiiu;  pra-maxillary ;  iV, 
nasal ;  L,  laclu-ymnl ;  J,  jugal ; 
QJ,  quadrato-jugal ;  Q,  quadrate ; 
P/,  pterygoid ;  Pal,  palatine ;  Vo, 
vomer;  D,  dentary;  AH,  articu- 
ln.rc  ;  Anr;,  angulare. 

skull.    The  susjDensorium 
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of  the  lowei-  jaw  and  the  maxillo-palatine  apparatus  are  eimljled  by 
special  articular  arrangements  to  move  on  the  temporal  bone  and 
on  corresponding  processes  of  the  basLsphenoid.  The  quadrate,  which 
is  articulated  to  the  temporal  bone,  has,  besides  the  articular  surface 
of  the  lower  jaw,  movable  connections  with  the  long  rod-like 
quadrate- jugal,  and  with  the  usually  styliform  ptexygoid  which  run 
obliquely  inwards,  while  the  base 'of  the  upper  beak  presents  a  thin 
elastic  place  below  the  frontal  bone,  or  is  separated  from  the  frontal 
bone  by  a  transverse  movable  suture.  When  the  beak  is  opened, 
and  the  lower  jaw  is  moved  downwards,  the  pressure  on  the  quadrat (- 
bone  is  transferred  to  the  rod -like  quadrate- jugal  and  the  pterygoid 

bones,  and  from  these  is  transmitted 
partly  directly  and  partly  by  means  of 
the  palatinie  bones  to  the  upper  beak,  so 
that  the  latter  must  be  more  or  les- 
raised  at  that  point.  Therefore,  when 
the  mouth  is  opened,  the  end  of  the 
beak  is  raised.  The  greater  part  of  the 
upper  beak  is  formed  by  the  unpaired 
prsemaxilla,  with  the  sides  of  which  the 
maxillae  are  fused,  while  an  upper  median 
process  ascends  between  the  nares  and 
unites  with  the  frontal  on  the  inside  of 
the  nasal  bones. 

The  hyoid  bone  (fig.  649)  is  prolonged 
into  a  posterior  rod ;  its  anterior  *  cornua 
are  usually  two-jointed  and  are  not  con- 
nected with  the  skull,  but  in  some  cases 
they  are  much  elongated  and  arch  over 
the  skull  as  far  as  the  forehead  ("Woodpecker).  They  then  consti- 
tute in  connection  with  the  muscles  of  then-  sheath  a  mechanism  for 
the  protrusion  of  the  tongue. 

In  the  vertebral  column  (fig.  650),  a  very  long  movable  cervical 
region,  a  rigid  dorsal  and  pelvic  region  and  a,  rudimentary,  only 
slightly  movable  caudal  region  can  be  distinguished.  In  Bii-ds 
there  is  no  separation  of  thoracic  and  lumbar  regions  as  in  Mammals, 
since  aU  the  dorsal  vertebraj  bear  ribs  and  the  region  corresponding 
with  the  lumbar  region  takes  a  share  in  the  formation  of  the  sacrum. 
The  cervical  and  dorsal  regions  also  are  not  sharply  distinct  from 


Fig.  649.— Hyoid  apparatus  of 
Corvus  comix.  Co,  body  of 
hyoid ;  Zh,  cornua  :  JEnt,  ento- 
glossal  bone. 


*  Usually  described  as  the  posterior  cornua.  Ed. 
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cue  anotlier,  since  the  cer%-ical  \  ei'tebr£B,  as  in  the  Crocodiles,  bear 
ribs,  Avhich  unite  Avith  the  transverse  processes  to  form  a  foramen 
transversjirium.    The  neck  is  long  and  always  freely  movable,  and 
contains  9  to  23  vertebrae  (Swan).    The  shorter  dorsal  vertebras  are 
always  less  numerous ;  they  have  superior  and  inferior  spinous  pro- 
cesses and  all  bear  ribs,  to  the  ventral  ends  of  which  sterno-costal 
bones  are  articulated  at  an  angle  which  projects  backwards  (fig.  650, 
>SVc).    The  sternocostal  also  articulate  with  the  margin  of  the 
sternum,  and  serve  when  they  are  extended  to  increase  the  distance 
between  the  latter  and  the  vertebral  column.    But,  since  the  ribs 
are  firmly  applied  to  one  another  by  means  of  posterior  processes 
[])rocess2cs  ttncinati),  the  movement  of  the  sternocostal  ribs  must 
necessarily  afiect  the  thorax  as  a  whole,  and  dilate  it  (inspiration). 
The  sternum  is  a  broad  flat  bone  which  covers  not  ordy  the  thorax 
but  a  great  part  of  the  abdomen,  and  bears  a  projecting  keel-like 
crest  which  serves  for  the  attachment  of  the  muscles  of  flight 
(Carinatce).    The  sternal  crest  is  reduced  or  obsolete  only  when  the 
power  of  flight  is  feeble  or  entirely  absent  {Batitce). 

The  rib-bearing  dorsal  vertebras  are  followed  by  a  tolerably  exten- 
sive division  of  the  vertebral  column,  which  corresponds  to  the  lumbar 
and  sacral  regions,  and  which,  by  the  fusion  of  a  number  of  vertebrae 
with  each  other,  and  with  the  long  iliac  bones  of  the  pelvic  giixUe, 
presents  the  characters  of  the  sacrum.  The  sacrum  is  much  elon- 
gated, and  includes  sixteen  to  twenty  and  more  vertebrte ;  of  these 
a  certain  number  can  be  shown  to  be  lumbar  (prsesacral),  and  are 
almost  always  preceded  by  two  to  three  rib-bearing  dorsal  vertebras. 
Then  follows  the  true  sacrum ;  it  consists  of  two  vertebras,  which  are 
equivalent  to  the  sacral  vertebrje  of  Lizards  and  Crocodiles,  and 
constitute  by  means  of  their  transverse  processes  (with  fused  ribs) 
the  main  support  of  the  pehas  near  the  cup  of  the  hip- joint 
{acetabular  vertebrce).  Finally  the  true  sacrum  is  followed  by  a 
postsacral  region,  which  is  composed  of  from  three  to  seven  of  the 
anterior  caudal  vertebras.  The  short  caudal  region,  which  succeeds 
the  postsacral,  consists,  as  a  rule,  of  from  seven  to  eight  movable 
vertebrse,  of  which  the  last  is  represented  by  a  vertical,  laterally 
compressed  plate— the  pyLjostyle—to  which  the  muscles  for  the  move- 
ment of  the  steering  feathers  {rectrices)  of  the  tail  are  attached. 
This  deep  ploughshare-shaped  terminal  body  is  composed  of  from  f our 
to  six  vertebra,  so  that  the  reduction  of  the  number  of  the  caudal 
vertebree,  as  compared  with  that  of  the  Saururm  {Archceopteryx),  is 
by  no  means  so  considerable. 


-236 


AVES. 


Fig.  OoO.— Skeleton  of  Neophron  percnoptfriis.  Rh,  cervical  ribs  ;  Du,  inferior  spinous  pro- 
cess of  the  thoracic  vertebras ;  CI,  clavicle ;  Co,  coracoid ;  Sc,  scapula ;  St,  sternum  ; 
Stc,  sternocostal  bones  (sternal  ribs);  P»,  uncinate  process  of  the  thoracic  ribs ;  J!. 
ilium  ;  Js,  ischium  ;  Fb,  pubis ;  //,  humerus  ;  Ji,  radius  ;  U,  lUna  ;  C  C,  carpus  ;  Mc, 
metacarpus  ;  P' P"  P'",  phalanges  of  the  three  fingers ;  i'V,  femur;  T,  tibia  ;  F,  fibula  : 
Tm,  tarso-metatarsus ;  Z,  toes. 
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Shoulder  girdle  and  wings. — The  peculiarities  of  the  anterior  ex- 
tremities are  connected  Avith  their  transformation  into  wings.  Their 
connection  with  the  thorax  is  always  a  firm  one,  since  flying  organs, 
whose  movement  pre-supposes  a  great  expenditure  of  muscular  power, 
requii-e  the  necessary  support  on  the  trunk.  While  the  scapula, 
which  is  a  long,  sabre-shaped  bone,  lies  along  the  dorsal  side  of  the 
thoi-acic  framework,  the  clavicle  and  coracoid,  as  pillar-like  supports 
for  the  shoulder- joint,  are  attached  to  the  sternum.  The  two  clavicles 
are  fused  so  as  to  form  a  fork  {furcula).  The  anterior  extremity 
consists  of  a  humerus,  a  longer  foi-earm  composed  of  radius  and  ulna, 
and  the  reduced  hand.  The  latter  contains  only  two  carpal  bones, 
an  elongated  metacarpus  and  three  fingers — viz.,  the  poll  ex  or  thumb, 
bearing  the  so-called  bastard  wing  [cdula),  a  middle  finger,  and  a 
little  finger.  The  humerus,  the  forearm,  and  the  hand  are  so 
placed  when  at  rest,  that  the  humerus  is  directed  backwards,  the 
long  forearm  lies  tolerably  parallel  to  it  and  is  directed  forwards, 
while  the  hand  is  again  bent  backwards. 

Pelvic  girdle  and  legs. — The  girdle  of  the  hind  limbs  has  the 
form  of  an  elongated  pelvis  connected  with  a  great  number  of  lumbar 
and  sacral  vertebrpe,  and  except  in  the  ostrich  [Stricthio  camelus)  is 
A^-ithout  a  symphysis  pubis.  The  short  and  powerful  femur  is  directed 
obliquely  horizontally  forwards,  and  concealed  beneath  the  flesh 
and  feathers  of  the  abdomen,  in  such  a  manner  that  the  knee-joint 
is  not  visible  externally.  The  crus,  which  is  much  longei-  and  more 
extensive,  is  chiefly  composed  of  the  tibia,  the  fibula  being  quite 
rudimentary  and  repi-esented  by  a  stylifoi-m  bone  on  the  outer  side 
of  the  tibia.  The  crus  is  always  followed  by  a  long  forwardly  directed 
bone — the  tarso-meiatarstcs — which  is  composed  of  the  fused  tarsal 
bones  of  the  distal  vow  {i7itertarsal  joint),  and  of  the  metatarsal  bones. 
The  tarso-metatarsus  varies  much  in  length,  and  is  the  cause  of  the 
difierenees  in  the  length  of  leg.  At  its  lower  end  it  divides  into 
three  processes,  which  are  provided  with  articulating  heads,  for  the 
attachment  of  the  same  number  of  toes.  When  a  foui'th  toe  is 
present,  there  is  always  a  small  bone  on  the  inner  side  of  the  meta- 
tarsus, and  to  this  bone  the  fourth  inner  toe  is  attached.  The  three 
or  four  toes  (only  in  one  case  is  the  number  reduced  to  two)  are 
composed  of  several  phalanges,  the  number  of  which  increases  from 
within  outwards  in  such  a  manner  that  the  first  toe  has  two,  the 
fourth  (external)  five  joints, 

[The  digits  present  in  the  Avian  p6s  are  Nos.  1,  2,  3,  4,  or  2,  3,  4, 
or  in  the  Ostrich  3,  4.    Digit  No.  5  is  never  present.] 
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Tlie  muscles  of  the  thorax  are  powerfully  developed  in  connection 
with  the  power  of  flight,  and  a  peculiar  muscuLir  ari-ungement,  in 
consequence  of  which  the  toes  are  mechanically  bent  when  the  animal 
sits,  deserves  mention. 

Exoskeleton.— The  most  important  character  in  the  external  ap- 
pearance of  Birds  is  their  covering  of  feathers.  The  skin  is  on)}- 
naked  in  a  few  places— as  on  the  beak,  the  toes,  usually  on  the  tarso- 
metatarsus,  and  sometimes  on  the  neck  (Vultui-e),  or  even  on  the 
^fxbdomen  (Ostrich);  and  also  on  the  cutaneous  outgi-owtlis  of  the 
head  and  neck  (Gallinaceous  birds  and  Vultm^e).  While  the  nak«l 
.skin  at  the  base  of  the  beak  is  soft  (so-called  cere),  the  edges  of  thu 
beak  are  usually  cornified,  and  are  only  exceptionally  soft  (Ducks, 
Snipe),  and  then  are  i-ichly  innervated  and  serve  as  a  fine  tactile 
•organ.  The  skin  on  the  toes  and  tarso-metatarsus  Ls  also  cornified, 
so  as  to  form  a  firm  horny  covering,  Avhich  is  sometimes  gi-anular, 
more  often  divided  into  scales,  and  which  may  afford  important 
systematic  characters.  When  this  integument  forms  a  long  con- 
tinuous horny  sheath  on  the  anterior  and  lateral  surfaces  of  the 
metatarsus,  the  latter  is  termed  laminiplantar  (Thrushes  and  singing- 
birds).  The  following  special  horny  structures  may  be  mentioned — 
the  claws  on  the  toes,  the  so-called  spurs  on  the  posterior  and  intei-nal 
■edge  of  the  metatarsus  in  the  male  Gallinacece,  and  sometimes  on  the 
thumb-joint  of  the  wing  [Parra). 

The  feathers  of  BLrds  correspond  to  the  hairs  of  Mammalia,  and 
like  them  arise  in  pits  of  the  dermis  lined  by  the  epidermis.  At  the 
l>ottom  of  the  pit  there  is  a  vascular  papilla,  the  epidermal  invest- 
ment of  which  gives  lise  by  its  rapid  growth  to  the  first  rudiment  of 
the  hair  or  feather,  around  which  the  epidermal  lining  of  the  pit 
lies  like  a  sheath.  In  the  feather  the  axial  part  or  stem  with  the 
calamus  and  shaft  (rhachis)  is  to  be  distinguished  from  the  vane 
(vexillum).  The  cylindrical  hollow  calamus  is  partly  embedded  in 
the  skin,  and  encloses  the  dried-up  papilla  (pith) ;  the  i-hachis  is  the 
pi-ojecting  part  of  the  stem,  and  bears  a  number  of  lateral  processes — 
the  harhs — which  with  their  attached  parts  [barbules)  constitute  the 
vane  (yexillum).  The  lower  slightly  concave  side  of  the  rhachis 
presents  along  its  whole  length,  from  the  end  of  the  calamus  to 
the  point  of  the  feathers,  a  deep  longitudinal  gi-oove,  at  the  base 
of  which  a  second  feather — the  aftershaft  {]iy2iorhachis) — arises, 
which,  as  well  as  the  main-shaft,  gives  off  two  rows  of  barbs,  but 
only  in  rare  cases  (Cassowary)  reaches  the  length  of  the  main  shaft, 
and  is  sometimes  (wing  and  tail  quills)  completely  absent.    The  barbs 
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^rami)  send  off  barbules  (radii)  arranged  in  two  rows,  and  the  bar- 
bules  (at  any  rate  of  the  front  row)  bear  barbicels  and  hooklets, 
which  by  their  mutual  interlocking  effect  the  firm  connection  of  the 
whole  vexillum. 

According  to  the  nature  of  the  stem  and  barbs,  the  following  kinds 
of  feather  can  be  distinguished — contour  feathers  (jyennce),  with  stiff 
shaft  and  firm  vexillum ;  down  feathers  (plumce),  with  soft  shaft  and 
vane,  the  barbs  of  which  bear  round,  or  knotty  barbules  without 
hooklets ;  and  finally  filoplumes  {filoplumce),  with  slender  bristle-like 
shaft,  the  vane  of  which  is  reduced  or  absent.  The  penncn  determine 
the  external  outline  of  the  plumage,  and  attain  their  greatest  size  as 
remiges  in  the  wings  and  as  rectrices  in  the  tail.  The  'plumoi  form 
the  deep  layer  of  the  plumage,  and  are  covered  by  the  contour 
feathers;  they  serve  for  the  retention  of  warmth.  The  filoplumes, 
on  the  other  hand,  are  distributed  more  among  the  'pennce,  and  at 
the  angle  of  the  mouth  have  the  appearance  of  stiff  bristles  (vihrissce). 
There  are,  moreover,  many  forms  of  feathers  intermediate  between 
these  principal  forms.  In  the  autumn  there  is  a  complete  change  of 
feathers  {cmtumnal  moiolt),  whereas  the  spring  moult  by  which  the 
bird  acquires  its  breeding  plumage  is  only  rarely  connected  with  a 
complete  new  formation  of  the  plumage.  As  a  rule,  the  spring 
moult  consists  in  a  colouring  of  the  feathers  (probably  by  chemical 
change  in  the  pigments  already  present),  and  sometimes  in  a  mechani- 
cal breaking  off  of  certain  parts  of  the  feathers. 

Birds  have  no  sebaceous  or  sweat-glands,  but  there  is  often  a 
bilobed  gland  above  the  last  caudal  vei'tebra.  This  gland  (the 
urojiygial  gland,  or  oil-gland)  has  a  simple  duct,  and  its  oily  secretion 
seiwes  to  anoint  the  feathers. 

The  plumage  is  only  rarely  distributed  evenly  over  the  whole  of 
the  body  [Aptenodytes).  Usually  the  contour  feathers  are  arranged 
in  rows — the  so-called  pterylce, — between  which  there  are  spaces — the 
apteria — which  are  naked  or  only  covered  with  down  (fig.  651).  The 
form  and  distribution  of  these  spaces  present  modifications  which 
can  be  used  in  classification. 

The  grouping  of  the  feathers  on  the  anterior  limbs  and  on  the 
tail  determines  the  utility  of  these  organs  as  wings  and  steering 
apparatus  respectively.  The  wing  has  to  a  certain  extent  the 
form  of  a  fan,  which  can  be  folded  at  two  points — viz.,  the  elbow 
joint  and  the  carpal  joint;  its  surface  is  formed  by  the  large 
remiges  .on  the  under  surface  of  the  hand  and  forearm,  but  partly 
also  by  special  folds  of  the  skin,  which  sti-etch  between  the  body 
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and  humerus,  and  between  the  humerus  and  forearm.  The  posterioi- 
of  these  folds  is  of  importance  in  connecting  the  wing  with  the  body  ; 
the  anterior  has  a  relation  to  the  mechanism  by  which  the  wing  is 
unfolded,  inasmuch  as  it  contains  an  elastic  band  which  extends 
along  its  outer  edge  from  the  humerus  to  the  articulation  of  the 
hand,  and  which,  when  the  forearm  is  extended,  exercises  a  tractiou 
on  the  thumb  side  of  the  carpal  joint,  and  so  causes  the  simultaneous 
extension  of  the  hand. 


Fi&.  651. — Pterylm  and  apteria.  of  Qallus  Banhiva  (after  Nitzsch).  a,  ventral  side  ; 

b,  dorsal  side. 

The  large  wing-feathers  (remiges)  are  attached  along  the  lower 
ed2-e  of  the  hand  and  forearm.  '  Those  which  are  attached  to  the 
hand,  from  the  extremity  of  the  wing  to  the  carpal  joint,  are  known 
as  primary  i-emiges  (fig.  652,  H S),  while  those  attached  to  the  fore- 
arm as  far  as  the  elbow  joint  are  called  secondary  remiges  {A  S). 
There  are  usually  ten  primaries,  and  a  greater  but  variable  number 
of  smaller  secondaries. 

A  number  of  feathers  {coverts)  attached  to  the  upper  end  of  the 
humerus  are  called  sca2mlars  {parapterum),  and  some  feathers  fas- 
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teiied  to  the  thumb-joint  (sometimes  replaced  by  a  spur)  ai-e  called 
the  bastai'd-wing  (cdula).  All  the  remiges  are  covered  at  their  base 
by  shortei-  feathers,  which  are  arranged  in  overlapping  rows,  and  ai-e 
known  as  coverts  {tecti'ices,  fig.  652,  T).  In  certain  cases  the  wings 
may  become  so  much  reduced  that  the  power  of  flight  is  almost  or 
quite  lost,  a  condition  which  is  met  -with  in  some  running  and  land 
l)irds  {Dinornithidce,  Kiwi  and  Ostrich),  and  also  in  certain  water 
(Penguin). 

The  great  contour-feathers  of  the  tail  are  called  rectrices  (Et), 
Ijecause  during  flight  they  are 
used  for  altering  the  direction 
and  for  steering.    There  are, 
as  a  rule,  twelve  (sometimes 
ten  or  twenty  and  more)  rec- 
trices attached   to   the  last 
caudal  vertebra  in  such  a  way 
that  they  can  be  moved  singly, 
and  unfolded  laterally  like  a 
fan,  as  well  as  be  all  raised  or 
depressed  together.   The  roots 
of  the  tail  quills  are  covered 
by  a  number  of  coverts,  which 
m  some  cases  attain  an  extra- 
ordinary size  and  shape,  and 
constitute  an  ornament  to  the 
Bird  (Peacock).    When  the 
power  of  flight  is  absent  the 
tail  loses  its  significance  as  a 
steering  appai-atus,  and  the 
tail  quills  are  reduced  or  com- 
pletely absent.   In  such  cases, 
however,  some  of  the  coverts 
may  attain  a  considerable  size  as  ornamental  feathers. 

The  hmd  limbs,  which  are  principally  used  in  the  locomotion  of 
the  animal  on  firm  ground  present  numerous  varieties,  according  to 
the  mode  of  locomotion  of  the  Bird.  In  the  first  place,  walking 
legs,  or  2mles  gradarii,  and  wading  legs,  or  2}ecles  vadantes,  are  to  be 
distinguished  (fig.  653).  The  former  are  much  more  completely 
leathered,  bemg  covered  at  least  as  far  as  the  articulation  of  the 
heel;  but  they  vary  considerably,  The  following  varieties  may  be 
distinguished  (fig.  653)  -.—^jedes  adhamantes,  with  four  toes  directed 

16 


Fig.  652. — Nomeuclature  of  the  plumage  and 
regions  of  -SoHjii/ei7/a^orr;(?cr.(wax-wing)(8lightly 
modified  after  Reichenbach).  S,  forehead ;  Sc, 
occiput;  Hh,  hind-head;  Z,  lore;  W,  cheek; 
2V,  nape;  H,  back;  K,  throat.;  Br,  breast;  Ba, 
belly;  St,  vent;  B,  tail  coverts;  Bt,  tail,  with 
tail  quills  (rectrices);  Ih,  primaries  ;  As,  second- 
aries ;  T,  coverts  (tectrices) ;  P,  scapulars  (para- 
pterum) ;  Al,  bastard  wing  (ahila). 
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forwards,  Cypsehis  (a)  ;  2}edes  scansorii,  with  two  toes  directed  for- 
wards and  two  Ijackwards,  Picics  (b)  ;  j^ades  Jiasi,  with  three  toes 
directed  forwards  and  one  back,  the  anterior  toes  being  free  to  tJieir 


Fig.  653. — The  most  important  forms  of  Birds'  feet  (6,  c,  d.f,  n,  from  the  regne  animal). 
a,  pes  adhamans  of  Ci/pgelns  apvs ;  b,  F.  scansorius  of  Picus  capensis ;  c,  P.  ambulatorius  of 
Pkasianiis  colchictts ;  il,  P.  fissus  of  Turdus  forquatnn ;  <■,  P.  gi'essorius  of  Alcedo  inpidu  ;  f, 
P.  insidens  of  Falco  binrmicus ;  g,  P.  colligatus  Mycteria  senegalensis  ;  h,  P.  cursorius  of 
Stmthio  camelus  ;  i,  P.  palmatus  of  Merguf  merganser  ;  Tc,  P.  semi-palmatus  of  Mecurdrottra 
avocetta ;  !,  P.  fissi-palmatus  of  Podiceps  criMatiis;  m,  P.  lohatus  of  Fulica  atra ;  »,  P. 
Steganus  of  Phaeton  (ethereus. 

roots,  Turdtis  (d)  ;  pedes  amhulatorii,  with  three  toes  dii-ected  for- 
ward, the  inner  toe  backwards,  the  middle  and  outer  toes  united  at 
their  roots,  Phasianus  (c)  ;  pedes  yressorii,  the  inner  toe  is  placed 
behind  ;  of  the  three  anteriorly  directed  toes,  the  middle  and  outer 
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iire  fused  as  far  as  the  middle,  Alcedo  (e) ;  pedes  insidentes  {/),  the 
inner  toe  is  behind,  the  three  anteriorly  dii*ected  toes  are  vinited  by 
a  short  membi-ane,  Falco  (/).     Sometimes  the  outer  toes  of  the 
pes  scctTisoi'iits  {Guculus),  and  the  inner  toe  of  the  pes  adhamans 
(Colius)  can  be  turned  both  forwards  and  backwards.    The  wading 
legs  (jo.  vctdantes)  as  opposed  to  the  walking  legs  (jo.  gradarii)  are 
characterised  by  the  partly  or  completely  naked,  unfeathered  tibial 
region ;  they  are  foimd  principally  in  Water  Biixls,  amongst  which 
the  Grallatores  have  wading  legs  with  a  very  long  metatarsus — the 
so-called  ^je(Zes  grallarii.    The  ^j.  grallai'ii  may  be  distinguished  into 
p.  colligati,  in  which  the  anterior  toes  are  united  at  their-  roots  by  a 
short  membrane,  Ciconia  (g)  ;  and  the  p.  semicolligati,  in  which  this 
membranous  connection  is  confined  to  the  middle  and  outer  toes, 
Limosa.    The  running  legs  [p.  cursorii)  are  powei-ful pedes  gt-allarii 
without  hind  toes,  and  with  three  (Bhea)  or  two  Struthio  (h)  strong 
front  toes.    The  short  wading  legs  of  the  swimming  birds,  as  well  as 
the  longer  legs  of  the  Grallatores,  present  with  regard  to  the  structure 
of  theii-  feet  the  following  types  : — Swimming  feet,  or  pedes  pahnati, 
when  the  three  anteriorly  directed  toes  are  connected  as  far  as  their 
extremities  by  an  undivided  swimming  membrane  or  web.  Anas  (i) ; 
half  swimming  feet,  ovp.  seniyjalmati,  when  the  web  only  reaches  to 
the  middle  of  the  toes,  Recurvirostra  {k) ;  spHt  swimming  feet,  or  p. 
fissipalmati,  when  the  toes  have  an  entire  cutaneous  border,  Podiceps 
(l);  lobed  feet,  or^;>.  lobati,  when  the  border  is  lobed  on  each  joint, 
Fidica  (m).  When  the  hind  toe  is  also  included  in  the  web  mem- 
brane the  feet  are  termed  p.  stegani,  Halieus  [Phalacrocorax]  (n). 
Finally,  the  hind  toe  may  be  reduced  or  completely  absent  in  the 
j^atatores  and  Grallatores. 

The  Brain  of  Birds  (fig.  79)  is  much  more  highly  developed  than 
that  of  Reptiles,  and  completely  fills  the  roomy  cranial  cavity.  The 
hemispheres  are,  indeed,  still  without  superficial  convolutions,  but 
already  possess  a  rudimentary  corpus  callosum  (Meckel).  They  cover 
not  only  the  thalamencephalon,  but  also  the  two  large,  laterally 
displaced  corpora  bigemina.  The  cUfferentiation  of  the  cerebellum  is 
still  further  advanced,  since  there  is  a  median  part  corresponding  to 
the  so-caUed  vermis  of  Mammalia,  and  small  lateral  appendages. 

Tn  consequence  of  the  cervical  flexure  of  the  embryo  the  medulla 
oblongata  forms  an  angle  with  the  spinal  cord,  the  posterior  columns 
of  which  diverge  from  one  another  in  the  posterior  enlargement  of 
the  lumbar  region  so  as  to  form  a  second  sinus  rhomboidalis.  The  cranial 
nerves  are  all  separate  and  their  distribution  is  essentiaUy  the  same 
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as  in  the  Mammalia.  The  Hpiiml  cord  reaches  ahnost  to  the  end  of 
the  neural  canal  of  the  vertebral  column. 

Sense  Organs.— The  eyes  always  attain  a  considerable  size  and  a 
higli  development.  The  eyelids  are  always  movable,  especially  the 
lower  lid  and  the  transparent  nictitating  membrane,  which  is  drawn 
over  the  eye  by  a  peculiar  muscular  apparatus.  The  eyeball  (fig. 
654)  of  the  Bii'd  has  an  unusual  form,  in  that  the  hind  part  on 
whicli  the  retina  is  spread  is  a  segment  of  a  niucn  larger  sphere  than 
is  the  small  anterior  part.  The  two  parts  are  connected  by  a  median 
portion,  which  has  the  shape  of  a  short  truncated  cone,  with  the 
smallest  end  dii-ected  forwards.     This  form  of  the  eyeball  Ls  mo.st 

marked  in  the  nocturnal  birds  of  prey, 
and  least  in  the  aquatic  Birds  in  which 
the  axis  of  the  eye  is  shorter.  There  is 
alwaj'S  a  bony  sclerotic  ling  behind  the 
edge  of  the  cornea.  The  cornea,  except 
in  the  swimmmg  Birds,  is  strongl}- 
arched,  while  the  antei-ior  surface  of 
the  lens  in  the  nocturnal  Birds  alone 
possesses  a  considerable  convexity.  The 
2)eGten  (wanting  only  in  Apteryx)  is  a 
peculiar  structure  of  the  avian  eye.  It 
consists  of  a  process  of  the  choroid,  which 
traverses  the  retina  and  passes  obKquely 
through  the  vitreous  humour  to  the  lens. 
It  corresponds  to  the  falciform  process 
of  the  piscine  and  reptUian  eye.  The 
avian  eye  is  characterised  not  only  by 
the  shai-pness  of  vision  consequent  on  the  large  size  and  complicated 
structuie  of  the  retina,  but  also  by  the  highly-developed  powei-  of 
accommodation,  which  is  principally  due  to  the  muscle  of  the  so- 
called  ciliary  ligament  (Krampton's  muscle),  and  also  to  the  great 
mobility  of  the  muscular  iris  (dilatation  and  contraction  of  the  pupil). 

The  auditory  organ  (fig.  578  //.)  is  enclosed  by  spongy  masses  of 
bone.  It  possesses  three  large  semicircular  canals  and  a  dilated 
cochlea  [lagena).  The  vestibule,  which  on  account  of  its  small  size 
may  also  be  regarded  as  the  lower  dilated  part  of  the  cochlea,  has 
two  openings  :  the  foramen  ovale  which  is  closed  by  the  terminal 
piece  {opermlum)  of  the  columella  and  looks  into  the  tympanic 
cavity,  and  a  second  more  roimded  opening,  the  foramen  rotundum, 
which  is  closed  by  membrane.    In  addition  to  the  labyrinth  there  is 


Fio.  G54. — Eye  of  a  noctm-nal  bird 
of  prey  (after  Wiedersheim).  Co, 
cornea;  £,  lens;  Mt,  retina;  P, 
pecteu;  No,  optic  nerve;  Sc, 
ossificatious  of  the  sclerotic ;  CM, 
ciliary  muscle. 
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iilways  a  tympanic  cavity  which  communicates  with  the  air-spaces  in 
the  neighbouring  bones  of  the  skull,  and  with  the  pharynx  close 
behind  the  posterior  nares  by  means  of  the  Eustachian  tubes. 
Towards  the  exterior  the  tympanic  cavity  is  closed  by  a  tympanic 
membi-ane,  to  which  the  long  rod-shaped  auditory  ossicle  (cohcviella), 
<jorresponding  to  the  stapes  of  Mammaha,  is  fastened.  On  the  outer 
.side  of  the  tympanic  membrane  there  is  a  short  external  auditory 
meatus,  the  opening  of  which  is  often  suri-ounded  by  a  circle  of 
larger  feathers,  and  in  the  Owls  is  ovei-lapped  by  a  cutaneous  valve 
which  is  likewise  beset  with  feathers,  and  constitutes  a  rudimentary 
pinna. 

The  olfactory  organ  has  three  pairs  of  turbinal  bones  in 
the  spacious  nasal  cavities,  which  are  separated  by  an  incomplete 
septum  (nares  pervice).  The  two  nasal  apertures,  except  in  AjJteryx, 
lie  more  or  less  near  the  root  of  the  upper  beak ;  sometimes  (Crows) 
they  are  covered  and  protected  by  stiff  hairs ;  in  the  Procellaridoi 
they  are  elongated  into  a  tube  and  join  one  another.  A  so-called 
nasal  gland  usually  lies  on  the  frontal  bone,  more  rarely  beneath  the 
nasal  bone  or  at  the  inner  corner  of  the  eye ;  it  opens  by  a  simple 
duct  into  the  nasal  cavity. 

The  sense  of  taste  is  connected  with  the  soft  base  of  the  tons'ue 
which  is  rich  in  papillte.  The  tongue  is  soft  throughout  its  whole 
•extent  only  in  the  Parrots.  In  most  other  cases  it  has  a  firmer  cover- 
ing, and  in  many  cases  lends  important  aid  in  mastication.  In 
general  the  tongue  as  well  as  the  beak  may  be  regarded  as  a  tactile 
■organ.  In  rare  cases  (Snipe,  Duck)  the  beak  is  the  seat  of  a  finer 
tactile  sensibility,  owing  to  the  possession  of  a  soft  skin  rich  in  nerves 
and  in  the  end -corpuscles  of  Vater. 

Alimentary  canal. — In  spite  of  great  differences  in  the  mode  of 
nourishment  the  avian  digestive  organs  present  a  fairly  uniform 
structure ;  their  .peculiarities  have  i-elation  to  the  power  of  llight. 
The  jaws  are  covered  by  a  hard  horny  sheath  and  transformed  into 
the  beak.  True  teeth  are  entirely  absent,  at  least  in  living  Birds 
as  opposed  to  the  fossil  Odo7itornithes  {Ichthyornis,  Hesperornis) ; 
dental  papillae  were  however  discovered  by  Etienne  Geoffroy  St.  Hilaire 
in  the  jaws  of  the  embryo  Parrot.  While  the  upper  beak  is  formed 
by  the  fused  praemaxilLne,  the  maxiUte  and  the  nasal  bones,  the  lower 
con-esponds  to  the  two  rami  of  the  lower  jaw,  the  fused  extremities 
of  which  are  known  as  the  myxa.  The  lower  edge  reaching  from 
the  angle  of  the  chin  to  the  extremity  is  termed  the  gonys,  the 
edge  of  the  upper  beak  is  the  culmen,  the  region  Ijetween  the  eye 
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and  tlie  base  of  the  l)eak  which  is  covex-ed  by  the  cere  (ceroma)  in  the 
lore.  The  form  and  development  of  the  beak  vary  extx-emely 
according  to  the  special  xiiode  of  subsistence  (fig.  655). 

The  tongue,  which  is  always  movable,  lies  on  the  flooi-  of  the 


Fig.  055. — Forms  of  beaks  (a,  b,  c,  d,  Ic,  after  Naumaun ;  g,  i,  m,  o,  regne  animal ;  I,  from 
Brehm).  a,  Phoenicopterus  antiquortim  ;  b,  Plafalea  leucorodia  ;  c,  Emberiza  eitrinella  ;  i. 
Tardus  cyanua ;  e,  Falco  candicans ;  f,  Merffus  merganser;  g,  Pelecanus  jterspicillatus ;  h, 
Securvirostra  avocetta ;  i,  Bhynchops  nigra:  k,  Columba  livia  :  I,  Balanicejis  rex;  m,  Ana- 
stomos  coromandelianus ;  n,  Pteroglossus  discolor;  o,  Mycteria  senegalensis ;  p,  Faltinellus 
igneits  ;  q,  Cypselus  aptis. 

liuccal  cavity.  It  consists  of  the  hoi-ny  or  fleshy  covering  of  two 
cartilages  attached  to  the  anterior  end  of  the  hyoid  bone,  and  serves 
for  deglutition,  and  frequentlv  for  seizing  food.  The  buccal  ca%-ity,. 
which  in  the  Pelicans  is  dilated  into  a  large  cerxdcal  sac  supported 
by  the  rami  of  the  lower  jaw,  receives  the  secretion  of  a  number  of 
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There  is  no  velum  palati.  The  muscular,  longi- 
tudinaily  folded  cesophagus,  the  length  of  which  in  general  depends 
on  that  of  the  neck,  frequently  possesses— especially  in  the  birds  of 
prey,  but  also  in  the  larger  granivorous  birds  (Pigeons,  Fowls, 
Parrots)— a  crop-like  dilatation,  in  which  the  food  is  softened  (fig.  656). 
In  the  Pigeons  the  crop  bears  two 
small  I'ound  accessory  sacs,  the  walls 
of  which  secrete  in  the  breeding- 
season  a  cheesy  substance  used  in 
feeding  the  young. 

The  lower  end  of  the  oesophagus 
is  dilated  into  a  glandular  pro- 
ventriculus,  which  is  followed  by 
the  wide  muscular  stomach  [gizzard). 
While  the  proventriculus  has,  as  a 
rule,  an  oval  form  and  is  smaller 
than  the  gizzard,  the  latter  is  pro- 
vided with  muscular  walls,  which  are 
weaker  (birds  of  prey)  or  stronger 
(granivorous  birds),  according  to  the 
kind  of  food  eaten.  In  the  grani- 
vorous birds  the  gizzard  is  excellently 
adapted  for  the  mechanical  prepai-a- 
tion  of  the  softened  food  material 
by  the  possession  of  two  solid  plates, 
which  form  the  horny  internal  wall, 
and  work  against  one  another.  The 
tirst  loop  of  the  small  intestine 
(corresponding  to  the  duodenum) 
surrounds  the  elongated  pancreas, 
the  ducts  of  which,  as  well  as  the 
usually  double  bile  ducts,  open  in 
this  region.  The  beginning  of  the 
short  large  intestine  is  marked  by  a 
circular  valve,  and  by  the  origin  of 
two  caeca  ;  it  presents  no  distinction 
into  colon  and  rectum,  and  passes  into  the  cloaca,  into  which  the 
xirinogenital  apparatus  also  opens.  At  its  entrance  into  the  cloaca 
it  presents  a  sphincter-hke  circular  fold.  A  pecuHar  glandular 'sac— 
the  hursa  Fabricii—o-pens  into  the  dorsal  wall  of  the  cloaca. 
The  large  elongated  kidneys  are  placed  in  excavations  of  the 


Fig.  656.— Digestive  canal  of  a  bird.  Oe, 
oesophagnas  ;  K,  crop  ;  Dm,  proventricu- 
lus ;  Sm,  gizzard  ;  D,  small  intestine ; 
P,  pancreas  (placed  in  the  duodenal 
loop) ;  H,  liver ;  C,  the  two  caeca ;  Ad, 
large  intestine ;  U,  ureter ;  Ov,  ovi- 
duct ;  Kl,  cloaca. 
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•s^xci-um,  and  are  divided  by  indentations  into  a  number  of  lobes 
The  ureters  run  behind  the  rectum  and  open  into  the  12 
u^rna  ly  to  the  genital  apertures.    The  urinary  .secretion  is 

The  heart  is  completely  divided  into  a  riglit  and  left  half,  and  lie. 
in  the  median  line,  enclosed  by  the  pericardium.  As  a  peculiarit^■ 
of  the  heart  may  be  mentioned,  the  special  development  of  the  ri.ht 
atrioventricular  valve,  which,  unlike  the  tricuspid  valve  of  the 
Mammalian  heart,  is  a  simple  strong  muscular  fold.  Since  th. 
diaphragm  is  rudimentary,  the  thoracic  cavity  is  directly  continuous 
with  the  abdominal.  The  pulsations  of  the  heart,  in  correspondence 
with  the  more  active  respiration,  are  repeated  more  rapidly  than  in 
Mammalia.  The  right  aortic  arch  persists.  The  veins  open  by  twc, 
superior  and  one  inferior  vena  cava  into  the  right  auricle  Tho 
renal-portal  circulation  still  persists  in  Birds/though  it  is  but 
slightly  developed. 

The  lymphatic  system  opens  by  two  thoracic  ducts  (ductus  tJw- 
ractci)  into  the  superior  vena3  cava3,  but  also  very  generally  com- 
municates with  the  veins  of  the  pelvic  region.  Lymph  hearts  are 
only  found  at  the  side  of  the  coccygeal  bone  in  the  Ostrich  and 
Cassowary,  and  in  some  wading  and  swimming  Birds.  They  are. 
however,  often  replaced  by  vesicular  non-contractile  dilatations. 

Respiratory  organs.— The  glottis  is  placed  behind  the  root  of  the 
tongue,  and  leads  into  a  long  trachea,  which  is  supported  by  bony 
rings.  The  trachea  is  not  unfrequently  longer  than  the  neck,  and 
in  such  cases,  principally  in  the  male  sex,  is  thrown  into  a  number 
of  coils,  which  either  lie  beneath  the  skin  (CapercaUy)  or  even 
penetrate  into  the  hollow  crest  of  the  sternum  (Whooper  Swan). 

The  lower  larynx  or  syrinx.— Except  in  the  Ostrich,  the  Stork, 
and  some  Vultures,  the  vocal  organ  is  developed  at  the  point  where 
the  trachea  divides  into  the  bronchi,  so  that  both  divisions  take  part 
in  its  formation  {fig.  657).  The  last  tracheal  rings  and  the  anterior 
bronchial  rings  have  a  modified  form,  and  are  often  intimately  con- 
nected with  each  other ;  the  end  of  the  trachea  and  the  beginning 
of  the  bronchi  a.re  compressed  or  dilated  into  a  vesicular  form 
and  transformed  into  the  so-called  t}Tnpanum,  which  in  the  males 
of  many  Ducks  and  Divers  is  dilated  into  unsymmetrical  secondary 
cavities  (tympanic  cavity  and  labyrinth),  which  serve  as  resonating 
apparatuses.  The  part  of  the  trachea  from  ^^  hich  the  bronchi  pass  off 
(i.e.,  tympanum)  is  traversed  in  a  horizontal  direction  by  a  projecting 
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osseous  band — the  jjessidus — wliich  forms  a  vertical  septum  between 
the  anterior  apertures  of  the  two  bronchi.  This  septum,  at  its 
anterior  (ventral)  and  posterior  (dorsal)  ends,  gives  off  on  each  side 
two  arched  processes,  Avhich  pass  downwards — one  along  the  dorsal, 
and  the  other  along  the  ventral  edge  of  the  bronchus  of  its  side ; 
and  between  these  cornua  the  internal  wall  of  each  bronchiis,  which 
is  here  membranous,  is  stretched,  and  constitutes  the  memhrcma 
tympaniformis  interna.  In  the  Singing  Birds  there  is  in  addition  a 
semi-lunar  fold  [memhrana  semilunaris)  on  the  pessukis,  as  a  prolonga- 
tion of  the  membrana  tympaniformis  interna.  In  many  cases  a  mem- 
branous fold — the  membrana  tympaniformis  externa — is  developed 


Fig.  657.— Lower  larynx  of  Raven  (from  Owen),  a,  Side  view  of  laiynx  laid  open.— i, 
Larynx  after  removal  of  muscles.— c,  Larynx  with  muscles,  from  the  front;  d,  from  the 
side.  St,  pessvilus  ;  Mt;;,  membrana  tympaniformis  interna ;  Ms,  membrana  semilunaris; 
Et,  modified  last  tracheal  ring  ;  Mb,  the  modified  three  first  bronchial  rings  ;  J/,  muscles.' 


on  the  external  side  of  the  tympanum,  and  forms  with  the  free  edge 
of  the  internal  tympaniform  membrane  {i.e.,  with  the  membrana 
semihcnaris),  a  vocal  slit  or  glottis  on  either  side.  The  tension  of 
these  folds,  which  function  as  vocal  cords,  is  regulated  by  a  muscular 
apparatus,  which  connects  the  trachea  with  the  lateral  parts  of  the 
tympanum,  or  also  with  the  anterior  bronchial  rings,  and  is  most 
highly  developed  in  the  singing  birds,  in  which  the  syrinx  may 
possess  five  or  six  pairs  of  such  muscles. 

The  bronchi  are  relatively  short  and  lead,  at  their  entrance 
into  the  lungs,  into  a  number  of  wide  membranous  bronchial 
tubes,  which  traverse  the  pulmonary  tissue.  The  lungs  are  not,  as 
in  Mammals,  freely  suspended  in  a  closed  thoracic  cavity  and  invested 
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by  a  pleural  sac,  but  are  attached  to  the  dor.sal  wall  of  the  body  cavity 
by  cellular  tissue,  and  sunk  in  the  interspaces  between  the  ribs  at 
the  sides  of  the  vertebral  column.  The  behaviour  of  the  bi-onchial 
tubes  and  the  structure  of  the  finer  respiratory  air-spaces  of  the  lungs 
present  essential  differences  from  those  of  the  Mammalia.    The  large 

air-sacs  ai-e  diverticula  of  the 
lungs  (fig.  G58);  they  have 
a  fairly  constant  arrange- 
ment, extending  forwards 
between  the  clavicles  {jperi- 
tracheal  or  interclaviculcir 
air-sac),  and  also  into  the 
anterior  and  lateral  regions 
of  the  thorax  (thoracic  air- 
sacs),  and  backwards  among 

/        ^^//  })/''m  wr^v^iJI^      >r  viscera,  into  the  pelvic 

iKm^yu,'Ml         V  .  mmt\^^      region    of    the  abdominal 

cavity  (abdominal  aii'-sacs). 
The  abdominal  sacs  lead  into 
the  cavities  of  the  femora 
and  pelvic  bones,  whUe  the 
smallei-  anterior  sacs  are  pro- 
longed into  the  air-spaces  of 
the  bones  of  the  arm,  and 
into  those  of  the  skin,  which 
are  sometimes,  especially  in 
the  large  s\\'imming  Bu-ds, 
which  fly  well  (Sula,  Peleca- 
nus),  so  numerous  that  the 
skin  emits  a  crackling  sound 
when  touched  (maintenance 
of  temperatiu-e,  reduction  of 
specific  gravity,  air  reservoirs 
for  respiration).  With  such 
arrangements  combined  with 
the  rudimentary  form  of  the 
diaphragm  already  mentioned,  and  the  peculiar  structure  of  the 
thorax,  the  mechanism  of  respiration  must  be  quite  unlike  that  of 
the  Mammalia.  The  dilatation  of  the  thoracic  framework,  which  also 
encloses  the  abdominal  cavity,  is  the  result  of  the  extension  of  the 
sternocostal   bones  and    the  consequent  increase  in  the  distance 


Fici.  653. — Luugs  and  au'-sacs  of  the  pigeon  (dia- 
grammatic, after  C.  Haider).  Tr,  trachea ;  P, 
lungs ;  Lj),  peritracheal  air-sac  witli  its  diver- 
ticula (i/i  and  L711)  into  the  humerus  (H)  and 
between  the  pectoral  muscles ;  C,  their  con- 
nection with  the  sternal  au--spaces  ;  Lfk,  thoracic 
air-sacs  ;  Xf/,abdominal  air-sacs. 
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between  the  sternum  and  the  vertebral  column.  The  respiratory 
movements  are  therefore  mainly  effected  by  the  sternocostal  mus- 
cles and  the  elevators  of  the  ribs,  which  function  as  inspiratory 
muscles. 

The  generative  organs  closely  resemble  those  of  the  JRej^tiUa.  The 
males  are  distinguished,  not  only  by  their  superior  strength,  but 
also  by  the  brighter  colour  of  their  plumage  and  the  greater  variety 
of  their  song.  There  are  two  oval  testes  on  the  anterior  side  of  the 
kidneys ;  they  become  much  enlarged  at  the  breeding  season,  and 
the  left  is  usually  the  larger.  The  epididymis,  which  is  but  little 
developed,  leads  into  the  vas  deferens,  which  passes  back  along  the 
outside  of  the  ureter.  The  ends  of  the  vasa  deferentia  ai-e  frequently 
swollen  so  as  to  foi-m  seminal  vesicles,  and  open  on  two  conical 
papillae  placed  on  the  hinder  (dorsal)  wall  of  the  cloaca. 

A  copulatory  organ  is,  as  a  rule,  wanting ;  in  some  of  the  larger 
water  bii-ds,  however  (Ciconia,  Platcdea,  etc.)  a  rudimentary  penis  is 
present  as  a  wart-like  process  on  the  front  (ventral)  wall  of  the 
cloaca.  It  is  larger  m  most  of  the  Struthionidce,  the  Ducks,  G-eese, 
Swans,  and  in  the  Curassows  and  Guans  [Penelope,  Urax,  Crax).  In 
these  Birds  a  curved  tube,  supported  by  two  fibrous  bodies,  is 
attached  to  the  ventral  wall  of  the  cloaca.  The  end  of  the  tube  can  be 
retracted  by  an  elastic  band.  A  superficial  groove  serves  to  conduct 
the  sperm  during  copulation.  In  the  two-toed  Ostrich,  the  penis 
attains  a  still  highei-  structure,  analagous  to  that  of  the  male  copula- 
tory paits  of  the  Ghelonia  and  Crocodilia.  Below  the  two  fibrous 
bodies,  the  broad  bases  of  which  arise  from  the  front  wall  of  the 
cloaca,  there  is  a  thii-d  cavernous  body  the  extremity  of  which  is  non- 
retractile  and  passes  into  an  erectile  bulb — the  rudiment  of  a  glans 
penis. 

In  the  female  generative  organs  the  ovary  and  oviduct  of  the  right 
side  are  reduced  or  entirely  absent.  The  generative  organs  of  the 
left  side,  however,  are  correspondingly  larger  at  the  breeding  season. 
The  ovaiy  is  racemose  ;  the  o\4duct  is  much  coiled,  and  is  divided 
into  three  regions:  (1)  The  wiAe  al^dominal  ostium  in  front;  (2) 
the  coiled  glandular  part  Avhich  secretes,  from  the  glands  of  its  longi- 
tudinally folded  mucous  membrane,  the  albumen  which  is  added  in 
layers  and  is  twisted  together  at  the  ends  to  form  the  clmlazce  ;  (3) 
a  posterior  short  and  wide  portion — the  so-called  uterus — which 
serves  to  produce  the  variously  coloured  egg-shell,  and  opens  by  a 
short  and  narrow  terminal  region  into  the  cloaca  on  the  outer  side 
of  the  corresponding  ureter.    When  there  are  copulatory  parts  in 
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the  male,  there  are  also  clitoris-like  structures  at  the  s;ime  phice  in 
the  female. 

Development.— Birds  are,  without  exception,  oviparous  (relation 
to  power  of  flight).  The  egg  is  remai-kable  for  the  large  amount 
of  yolk  (distinguishal)le  into  white  and  yellow  yolk),  and  its  porous 
calcareous  shell  (%.  659).  Tlie  development  requires  a  high  tem- 
perature, at  least  equal  to  that  of  the  blood.  The  neces.sary  heat 
IS  usually  supplied  by  the  bird  during  incubation. 

Fertilization  takes  place  iji  the  upper  region  of  the  oviduct  before 
the  secretion  of  the  albumen  and  of  the  shell  membrane,  and  is  at  once 
followed  by  the  partial  (discoidal)  segmentation  which  only  implicates 
gj,     Jii  j^jj  clear  pai-t  of  the 

DM  yolk  (formative  yolk) 

around  the  gei-minal 
vesicle — the  so-c;dled 
tread  of  the  cock 
(cicatricula). 

When  the  egg  is 
-Lit  Ifiid,  the  segmenta- 
tion is  already  com- 
pleted,  and  the 
cicatricula  has  de- 
veloped into  the 
ge7'minal     disc  ov 

Fig.  Go9. — Diagrammatic  longitudinal  section  through  an  im-  77/7,  rpi 
developed  hen's  egg  (after  Allen  Thomson).    Bl,  germinal  ^^^^^^rterrtl.    llie  em- 
disc  ;  GD,  yellow  yolk  ;  WD,  white  yolk  ;  DM,  vitelline  bryo,  which  later  pro- 
membrane  :  i^ir,  albumen ;  C/i,  chalazEe  ; -S,  shell  membrane;       j.     r  j_i  n 

KS,  calcareous  shell;  LR,  air-chamber.  J^cts  from  the  yolk, 

developes,  as  in  Rep- 
tiles, the  characteristic  fcetal  membranes — the  amnion  and  allantois 
(fig.  63.5).  The  duration  of  the  embryonic  development  varies 
according  to  the  size  of  the  egg  and  the  relative  development  of  the 
young  when  hatched.  The  Bird,  when  i-eady  to  creep  out,  breaks 
the  blunt  end  of  the  shell  by  means  of  a  sharp  tooth  placed  at  the 
extremity  of  the  upper  beak. 

The  young  when  hatched  have  essentially  the  oi-gani.sation  of  the 
adult  animal,  although  they  may  still  be  far  infeiior  to  it  in  the 
degree  of  their  bodily  development.  While  the  Gallinacei  and  the 
Gu7'sores,  and  most  Grallatores  and  Natatores  have  when  hatched 
a,  complete  covei-ing  of  down,  and  are  so  far  advanced  in 
development,  that  they  at  once  follow  the  mother  on  land  or  mto 
water  and  there  seek  their  own  food  (prsecoces)  ;  others  like  the 
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I'asneres,  i!<Gci)m)res,  Columbiiue  uiid  Raplores  leave  the  egg  mem- 
brauesi  very  eai'ly  (altrices) ;  they  ai^e  naked,  or  only  covered  with 
down  in  places,  and  incapable  of  free  locomotion  or  of  feeding  them- 
selves, and  remain  for  some  time  in  the  nest,  in  which  they  are  fed 
and  tended  by  their  parents. 

The  mental  qualities  of  Birds  are  incomparably  higher  than  those 
of  Eeptiles.  The  high  development  of  the  senses  (sight)  renders 
them  capable  of  a  sharp  discernment,  with  which  is  combined  a  good 
memory.  Under  the  guidance  of  its  parents  the  Bird  gradually 
leiu-ns  to  fly  and  sing ;  it  collects  experiences,  which  it  combines  so  as 
to  arrive  at  judgments  and  conclusions  ;  it  i-ecognises  the  surround- 
ings of  its  nest,  distinguishes  between  fiiends  and  foes,  and  selects 
the  proper  means  both  for  the  preservation  of  its  existence  and  for 
the  care  of  its  brood.  In  some  Birds  the  capacity  for  profiting  by 
instruction  and  the  faculty  of  imitation  ai-e  extraordinarily  developed 
(Starling,  Parrot).  The  emotional  side  appears  no  less  developed,  as 
may  be  inferred  not  only  from  their  general  behaviour  and  the 
varying  expression  of  their  song,  but  especially  from  the  behavioui* 
of  the  two  sexes  at  the  breeding  season.  Their  instinctive  actions- 
are  directed  to  the  preservation  of  the  individual,  and  as  in  Insects, 
but  in  a  far  higher  degree,  to  the  care  of  their  offsf)rmg. 

In  general  the  manifestations  of  intelligence  as  well  as  of  instinct 
attain  their  maximum  at  the  time  of  reproduction,  which  in  the 
temperate  and  coldei-  climates  usually  takes  place  in  the  spring  (in 
the  Crossbill  exceptionally  in  the  middle  of  winter,  lointer  plum- 
aye,  breeding  2^lumacje).  The  voice*  is  clearer  and  richer  in  the 
breeding  season ;  the  male  endeavours  to  excite  the  female  by 
his  song  and  the  beauty  of  his  plumage.  In  addition  to  the  changes 
of  plumage  and  song,  the  whole  behavioiu-  of  Birds  is  modified  undei- 
the  influence  of  sexual  excitement  (love-gestures,  etc). 

With  the  exception  of  Fowls,  Pheasants,  etc..  Birds  are  mono- 
gamous ;  they  pair  only  for  the  breeding  time,  and  collect  together 
later,  and  migrate  in  larger  flocks.  There  are,  however,  some  instances 
of  the  migration  of  single  pairs. 

Most  Birds  build  nests,  and  seek  for  this  purpose  a  suitable  place 
in  the  district  they  inhabit.  Only  a  few  Birds  (Goat-suckers,  etc.) 
are  content  simply  to  lay  their  eggs  on  the  ground,  others  (Skua, 
Terns,  Ostrich)  scoop  out  a  pit  or  make  a  depression  in  moss  and 
grass  ( Tetraonidce).    The  most  skUfully  constructed,  however,  are  the 

*  Of.  A.  E.  Brclun's  ••  Illustiirtrs  Thierlebcn,"  Tom  IV.,  V.  and  VI. 
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nests  of  those  Birds  whicli  glue  particles  of  extraneous  matter  together 
with  theii"  sticky  saliva  or  which  weave  fine  tressworks  of  moss, 
wool  and  grass-stalks  (Weavers).  As  a  rule  it  is  the  female  alone 
which  builds  the  nest,  the  male  merely  helping  in  collecting  the 
materials.  There  are,  however,  instances  in  which  the  male  takes  a 
share  in  the  construction  (Swallows,  Weavers) ;  while  in  other  causes 
{Gallinacei,  Chaffinch)  the  male  takes  no  share  at  all  in  building 
the  nest.  Many  sea  Birds,  as  the  Auks  and  Penguins,  lay  but 
one  egg,  the  large  Birds  of  prey,  Pigeons,  Swifts,  and  Humming- 
birds, lay  two  eggs.  The  number  of  eggs  is  larger  in  the  singing 
Birds  and  still  greater  in  the  swimming  Birds  of  ponds  and  rivers, 
and  in  the  Fowls  and  Ostriches.  The  duration  of  the  pei'iod  of 
incubation  is  equally  various ;  it  depends  upon  the  size  of  the  egg 
and  the  degree  of  development  of  the  young  when  hatched. 

While  the  Humming-birds  and  golden-crested  Wrens  incubate  for 
eleven  to  twelve  days,  and  the  singing  Birds  fifteen  to  eighteen  days, 
Fowls  require  three  weeks,  Swans  double  that  time,  and  Ostriches 
seven  to  eight  weeks.  Incubation  essentially  consists  in  keeping  the 
eggs  at  a  warm,  uniform  temperature ;  this  is  effected  by  the  body  of 
the  sitting  bird,  and  is  often  facilitated  by  the  presence  of  naked  places 
on  the  body.  As  a  rule,  the  mother  alone  sits,  and  the  male  occupies 
himself  with  bringing  her  food.  Not  unfrequently,  howevei-,  as  in  the 
Pigeons,  Peewits,  and  many  swimming  birds,  the  two  parents  relieve 
one  another  regularly  ;  the  male  in  such  cases  certainly  sits  only  for  a 
shorter  time  during  the  day,  while  the  female  sits  through  the  whole 
night.  In  the  Ostrich  the  female  only  sits  during  the  first  period  of 
incubation ;  later  the  parts  are  changed,  and  the  male  undertakes 
the  chief  part  of  the  incubation,  especially  sitting  almost  aU  night. 
The  behaviour  of  numerous  Cuckoos,  and  especially  of  our  native 
species,  is  very  remarkable  •  they  leave  the  building  of  nests  and  the 
cai-e  of  their  brood  to  other  Birds,  and  lay  their  small  eggs,  singly 
and  at  intervals  of  about  eight  days,  amongst  the  eggs  of  different 
singing  Birds. 

The  care  and  nurture  of  the  young  usually  falls  entirely  or  mostly 
on  the  hen  bird.  On  the  other  hand,  as  a  rule,  both  parents  take 
an  equal  part  in  the  protection  of  the  brood. 

Leaving  out  of  consideration  the  activities  which  relate  to 
reproduction,  the  instinct  of  Birds  manifests  itself,  principally  in 
late  summer  and  autumn,  as  an  impulse  to  migrate,  and  still 
more  mysteriously  as  a  true  guide  on  the  journey.  Few  bii*ds  of  the 
colder  and  temperate  climates  pass  the  winter  in  the  places  where 
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tliey  breed  {Resident  birds;  Eagles,  Owls,  Ravens,  Woodpeckers, 
Magpies,  Spari-ows,  Titmice,  Grouse,  etc.)  Many  of  them  I'ove  over 
larger  and  smaller  i-egions  in  search  of  food  ( iStrichvdgel ;  Thrushes, 
Bramblings,  and  Chafiinches,  "Woodpeckers,  Yellow  Bunting,  Finches, 
and  crested  Lark).  Othei-s  migrate  before  the  beginning  of  the  cold 
season  of  the  year,  when  nourishment  is  deficient,  from  the  northern 
climates  to  the  temperate,  from  these  to  southern  regions  (Zugvdyel  ; 
Swallows,  Storks,  Jackdaws,  Crows,  Starlings,  Wildgeese,  Cranes, 
etc.) 

There  are  but  scanty  materials  for  the  geological  history  of  this 
class.  Leaving  out  of  consideration  the  feather-tailed  Arch(eo2}teryx 
lithographica^  (fig.  119)  of  the  Jura  {Saururce),  the  oldest  remains 
of  the  swimming  and  wading  birds  belong  to  the  chalk.  In  the 
tertiary  period  the  remains  are  indeed  more  frequent,  but  are  never- 
theless insufficient  for  a  more  accurate  definition.  In  the  Diluvium, 
on  the  other  hand,  numerous  types  of  species  still  living  are  found,  as 
well  as  remarkable  gigantic  forms  which  have  become  extinct  within 
the  historical  period  (Pcdceo7-nis,  Dinornis,  Palapteryx,  Didus). 


I.  CARINATJE. 

The  sternum  has  a  keel  [carina)  for  the  insertion  of  the  power- 
fully developed  muscles  of  flight.  The  remiges  of  the  wing  and  the 
rectrices  of  the  tail  are  usually  weU  developed.  Almost  all  are  able 
to  fly. 

Order  1. — Natatores  (Swimming  Birds). 

Aqicatic  Birds  with  short  legs  often  placed  far  hack  ;  feet  either  pedes 
palmati' or  p.  stegani. 

The  form  of  the  body  of  the  swimming  Birds  varies  extraordinarily, 
according  to  the  special  adaptation  to  their  aquatic  habitat.  They  all 
have  a  thick  compact  plumage,  a  very  rich  clothing  of  down,  and  a 
large  uropygial  gland.  The  legs  are  short  and  are  placed  far  back, 
and  usually  feathered  as  far  as  the  ankle.  They  end  with  swimming 
feet,  either  pedes  jmlmati,  ov fissipalmati,  or  stegani.  The  Natatores 
are  all  excellent  swimmers ;  many  are  strong  flyers,  while  others  are 

*  This  group,  which  is  allied  to  the  reptilian  genus  Compsofjnatus  (Ornitho- 
.^ceUda)  IS  especially  characterised  by  the  fact  that  the  caudal  ijart  of  the 
vertebral  column  is  as  long  as  the  body,  and  was  furnished  with  feathers 
ai-ranged  in  pairs.  Since  the  metatarsal  bones  are  not  fused,  there  is  no  true 
avian  tarsometatarsus. 


250 


AVES, 


iucapMhle  of  flight,  and  are  alnio.st  entirely  confined  to  the  watei-. 
JMcst  of  them  also  dive  with  great  skill,  either  «hoothig  down  int(. 
the  water  from  the  air  or  suddenly  diving  beneath  tlie  water  while 
swimming.  The  form  of  the  beak  varies  as  much  as  does  th( 
structure  of  the  wings.  Sometimes  the  beak  is  much  arched  and 
armed  with  cutting  edges,  and  sometimes  flat  and  broad ;  some- 
times elongated  and  pointed.  The  form  of  the  beak  Ls  correlated 
with  the  mode  of  subsistence :  in  the  first  case  we  have  to  do  witli 

predatory  birds,  which  especially  prey 
on  fishes,  in  the  last  case  with  Ijirds. 
which  live  on  worms  and  small  aquatic 
animals,  but  also  on  fishes.  The  swim- 
ming Birds,  with  broad  soft-skinned 
beak,  search  in  the  mud  and  feed 
not  only  on  worms  and  small  aquatic 
animals,  but  also  on  seeds  and  vege- 
table matters.  The  Ratatores  are 
gregarious,  and  exist  in  great  flocks 
on  the  sea  coasts  or  on  inland  waters, 
but  some  of  them  are  also  found  on 
the  high  seas,  far  from  land.  Most 
of  them  are  migratory.  They  nest 
near  the  water,  often  in  common 
breeding  places,  and  lay  a  few  eggs 
either  dii'ectly  on  the  ground,  or  in 
holes,  or  in  simple,  rudely-made  nests. 
Many  of  them  are  of  great  impor- 
tance to  man,  partly  on  account  of 
¥i&.mo.—Apteiiodijte><patugonica       their  flesh  and  eggs,  and  partly  of 

(from  Bi-ehm).  ^.j^^-^,  ^^^^  ^^^^^  ^j^^^ 

on  account  of  their  exci'ements,  which  are  used  as  manure  (guano). 

Fam.  Impennes  (Penguins).  The  winss  are  fin-like,  without  remiges,  covered 
with  small  scale-like  feathers.  The  tail  is  short,  with  stiff  feathers.  The  short 
swimming-feet  have  a  reduced  forwardly-directecl  hind  toe,  and  are  placed  so 
far  back  that  on  land  the  body  must  be  carried  almost  vertically.  They  are 
excellent  divers.  In  the  breeding  season  they  stand  upright  and  arranged  in 
long  rows — the  so-called  schools.  They  lay  only  one  egg  in  a  depression  in  the 
ground,  and  keep  it  in  a  vertically  upright  position  during  incubation  :  btxt  they 
can  also  carry  it  about  buried  in  the  down  between  the  legs.  Both  sexes 
participate  in  incubation.  Ajjtcnodi/trs  j'f'tagonipa,  Forst.,  King- Penguin 
(fig.  6fi0) ;  Sphcniacim  drmevHtox  L.,  Black-footed  Penguin,  South  Africa  and 
America  ;  EmhjiHes  ehrysorovta  L,,  South  Sea,  Patagonia. 
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Fara.  Alcidte  (Auks).  The  wings  are  short  and  ill-adapted  for  flight.  There 
ai-e,  however,  small  remiges.  The  swimming-feet  with  rudimentary  or  without 
hind  toe.  Their  eommou  breeding-places  arc  on  the  coasts  (  Vo(/dhcr(/e),  where 
they  lay  their  eggs  singly  in  holes  in  the  earth  or  in  nests,  and  bring  up 
their  young.  Aloa  impennis  L.,  Great  Auk;  now  extirpated.  A.  tarda  L., 
Razorbill;  Mormon  arctieus  111.  {fraterotila  Temm.),  Puffin  ;  Uria  troile  Lath., 
Guillemot;  U.  grylle  Cuv.,  Black  Guillemot. 

Fam.  Colymbidae  (Divers).  The  head  has  a  pointed  straight  beak.  The  freely 
projecting  metatarsus  is  strongly  laterally  compressed.  The  feet  are  palmate 
or  fissipalmate.  Podiceps  crlstatvJi  L.,  Great  crested  Grebe ;  P.  minor  Gm. ; 
Colymhus  (/lacialis  L.,  Great  Northern  Diver. 

Fam.  Lamellirostres.  Beak  broad,  deep  at  the  base,  covered  with  a  soft, 
richly  innervated  skin,  with  transverse  lamellas  on  its  edges  (dentated  appear- 
ance), and  ends  with  a  nail-like  extremity.  The  feet  are  palmate  (p.  palmaW), 
with  rudimentary  hind  toe,  which  is  sometimes  naked,  sometimes  fringed  with 
membrane.  PJieenicoptenis  antiqiioruvi  L.,  Flamingo,  North  Africa  :  Cycjnux 
olor  L.,  Mute  Swan  ;  C.  niusicus  Bechst.,  Whooper ;  Anser  cinerem  Meyer, 
Gray  Goose  ;  A.  liyijcrhoreus  L.,  Snow  Goose  ;  A.  scgettim  L.,  Bean  Goose  ; 
Anas  hoschas  L.,  Wild  Duck,  the  ancestral  species  of  the  various  races  of 
domestic  ducks;  A.  {Tadorna)  t adorna  L.,  Sheldrake;  Meryihs  meganser  L., 
Goosander  ;  M.  serrator  L.,  Eedbreasted  Merganser;  M.  aliellus  Jj.,  Smew. 

Fam.  Steganopodes.  Large  swimming  bii-ds,  with  small  head,  well  developed, 
often  long  and  pointed  wings,  with  swimming  feet  (^.  stcyani).  Pelccanus 
onocrotaluf!  L.,  Pelican ;  Ualieus  cario,  Cormorant ;  Taoliyjic'tcs  aquilci  L., 
Frigate  Bird  ;  Sula  bassana  L.,  Gannet,  North  Europe  ;  Phaeton  oetherius  L., 
Tropicbird. 

Fam.  Laridae  (Gulls).  Lightly  built  Swallow-  or  Pigeon-like  swimming- 
birds,  with  long  pointed  wings  and  often  forked  tail,  relatively  high,  thi"ee-toed 
swimming-feet  and  fi'ee  hind  toe.  They  dive  from  the  air  (Stosstaiicher). 
Sterna  liiriiiulo  L.,  Tern  ;  Larvs  minutns  Pall.,  Little  Gull ;  L.  ridihundus  L., 
Blackheaded  Gull;  L.  canus  L.,  Common  Gull;  Lc-ttris  parasitica  L.,  Skua, 
North  German  Coasts  ;  Rhynchofs  nigra  L.,  Skimmer. 

Fam.  Procellariidae  (Sturmvogel).  Gull-like  birds,  with  rostrum  compositum. 
Feet  palmate,  hind  toe  absent  or  reduced  to  a  stump.  They  select  rocky  and 
precipitous  coasts  for  their  common  breeding-places.  The  female  lays  one  egg 
and  takes  turn  with  the  male  in  incubation.  The  young  are  nurtured  for  a 
long  time.  Biomedca  exulans  L.,  Albatross,  South  Sea  ;  Procallaria  glacialin 
L.,  Fulmar  Petrel,  from  the  Arctic  Seas  to  North  Gennan  Coasts  ;  Tlialassidronia 
pelagiea  L.,  Stormy  Petrel,  Atlantic  Ocean. 


Order  2. — Grallatores  (Waders). 

Birds  loith  long  thin  neck  and  long  beak,  loith  elongated  wo/Ung 
legs  {p.  vadantes). 

The  Grallatores  are  adapted  for  an  aquatic  life,  since  they  have 
to  seek  their  food  in  water,  but  their  adaptations  are  of  a  different 
kind  to  those  of  the  Natatores.  They  live  more  in  swampy  places, 
on  the  banks  of  rivers  and  seas,  and  wade  through  shallow  water  in 

VOL.  n.  17 


258 


AVES. 


order  to  seek  snails  and  worms,  or  frogs  and  fishes.  They  therefore 
possess,  vs'ith  some  exceptions,  long  wading  legs,  with  usually  naked 
tibije  projecting  freely  from  the  Ijody,  and  veiy  long  metatarsus  often 
covered  with  scales.  But  few  have  running  legs  {p.  cursorii)  and 
are  land  birds  (Bustards).  Some  (Rails)  are  similar  in  their  mode 
of  life,  the  shortness  of  their  legs  and  the  structure  of  their  toes, 
to  the  swimming  bii-ds  {Natatores),  and  swim  and  dive  well,  but  fly 
badly.  Corresponding  with  the  considerable  length  of  the  legs,  there 
is  a  long  neck  and  usually  also  a  long  beak.  The  size  and  forui  of 
the  beak  varies  exceedingly.  When  small  worms,  Insect  larv«  and 
Molluscs  are  sought  in  mud  and  loose  earth,  the  beak  is  long, 
but  relatively  weak  and  soft,  and  has  a  sensitive  richly  innervated 
extremity;  in  other  cases  the  beak  is  very  strong,  angular,  and 
adapted  for  the  capture  of  fishes  and  frogs,  and  even  of  small 
Mammals ;  and  finally  in  the  transitional  groups  before  mentioned 
it  is  short  and  strong,  like  that  of  a  fowl,  ^ith  a  somewhat  arched 
culmen,  and  adapted  for  an  omnivorous  diet.  The  feet  also  present 
great  differences  in  the  size  and  connection  of  the  toes.  The  ^^'ings 
usually  attain  a  medium  size.  The  tail,  on  the  other  hand,  is  short. 
The  plumage  is  more  uniform  and  simple,  .and  but  rarely  presents 
beautiful  and  glittering  colours.  Most  Grallatores  are  migratory 
birds  of  the  temperate  regions,  and  live  in  pau-s,  in  a  monogamous- 
state.  They  bviild  rude  nests  on  the  ground,  on  the  shore,  or  on 
trees  and  houses,  more  rarely  on  water.  The  young  are  sometimes 
altrices,  and  sometimes  'prcBCoce.s. 

Fam.  Charadriidae,  Plovers.  With  tolerably  thick  head,  short  neck,  and 
hard-edged  beak  of  medium  length.  Cm'sor'mss  eiirop<pm=  C.  isabellhms  Isl.. 
North  Africa  and  South  Europe  ;  Oedicncmm  crepitam  Temm.,  Steppes  in 
South  Europe,  Africa  and  West  Asia,  also  on  the  great  fallow  lands  in  Germany. 
Char adrUis 2)1  uvialis  L.,  Golden-plover,  inhabits  the  Tundra ;  Vanelhis  cristatus 
M.,  Peewit,  Germanj'-  and  Holland. 

Fam.  Scolopacidae.  Snipe.  Head  of  medium  size,  strongly  arched  with  a 
long,  thin,  usually  soft  beak,  covered  with  a  richly  innervated  skin.  Totanus 
hypolevens  Temm.,  Sandpiper ;  Rccurvirostra  avocctta  L.,  Avocet ;  Tringa 
cini  rca  Gm.,  Machetes  inujnax  Cuv.,  Rutf  ;  Scolopax  rudicola  L.,  Woodcock  ; 
GalUnago  mecMa  Gray,  Snipe  :  G.  gallinida  L.,  Jack  Snipe;  Miiiwnms  arqvatu 
L.,  Curlew. 

Fam.  Herodii -—  Ardeidse.  Herons  and  Storks.  Large  Grallatorex  with 
powerful  body,  long  neck,  and  small,  partly  naked  head  :  beak  powerful,  without 
c'fere,  with  sharp  hard  erlges,  sometimes  curved  at  the  point,  rarely  spoon - 
shaped.  Legs  long,  and  naked  far  above  the  intertarsal  joint  ;  feet  usually 
J),  colligati ;  hind  toe  rests  on  the  ground.  Ihis  rubra  Vieill.,  the  scarlei 
Ibis  of  Centi-al  America.  I.  rtiigiom  Cuv.,  the  sacred  Ibis ;  Falclnelh/s 
igni'us  Gray,  Glossy  Ibis  ;    Platalea  Icvcorodia   L.,  Spoonbill  :  Bal^snicTj)" 
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ri'J-   Gould;  Ardea  oinei'ea  L.  ;  A.  L.,  South  Europe;  Ciconiii 

tilba  L.,  Stork;  Mijcteria  scnegalensis ;  LeptoptUm  argala  Temm.,  (Marabu)  : 
Anaxfomvs  lamclligerm  Temm.,  East  Indies  ;  Gmx  cinerca  Bechst.,  Common 
Crane. 

Fam.  Rallidae.  'W'atcr-heus,  Eails.  Intermediate  between  the  Natatorr.'< 
and  the  GaU'macei.  Kallm  aquaticus  L.,  "Water  Eail,  Northern  and  Central 
Europe  to  Central  Asia:  Crr.v  pmtensifi  L.,  Corncrake;  Cr.  porzana  L., 
Europe,  Spotted  crake  :  Parra  jacana  L.,  America  ;  Galinula  chlonpus  L., 
Moorhen  :  Fulica  atru  L.,  Coot.  On  the  reedy  lakes  and  ponds  of 
Europe. 

Fam.  Alectoridae.    Transitional  between  the  Orallatores  and  Gallinacd. 


Fici.  6G1. — Channa  chacaria  (regne  animal). 


The)'  resemble  the  former  iu  the  length  of  their  legs,  and  the  latter  iu 
their  mode  of  life  and  in  the  form  of  their  beak.  Otis  tarda  L..  Bustard 
Lives  as  a  migratory  bird  (Strichvogel)  in  the  plains  of  South-east  Europe 
with  one  or  two  females  to  each  male.  0.  tetrax  L.,  more  iu  the  South  • 
moholophus  cristatnx  111.,  Cariama  [Seriema],  in  Brazil,  lives  on  Lizards  and 
Snakes  like  the  Secretary-bird  of  South  Africa.  PsopUa  Gnpitans  L.,  Trum- 
peter, South  America;  Palmnedea  rormita  L..  with  spurs  ou  the  wings 
Chauna  chavarm  111.,  Screamers  (fig.  661).  With  spurs  on  the  wings.  Is 
domesticated.  Receives  in  German  the  name  of  Shepherd's  bird  from  its  use 
as  keeper  and  defender  of  flocks  of  hens  and  geese  in  South  America. 
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Order  3. — Galunacei= Kasores. 
Terrestrial  birds  of  mediuni  and  souietimes  considerable  of 
stout  build,  loith  short,  rounded  winys,  strong  beak,  usually  arclied  awl 
bent  doionioards  at  the  jjoint,  and  with  jiowerfid  feet  adajAed  for 
•perching  {p.  insidentes),  usually  2)rcecoce8. 

The  Gallinacei  possess  in  general  a  stout  body  with  thick  phuuage, 
small  head  and  powerful  beak,  short  or  moderately  long  neck,  usually 
short  and  rounded  \vings,  legs  of  medium  length  and  well-developed 
tail,  composed  of  numerous  rectrices.  There  are  often  naked  places 
on  the  head,  as  well  as  erectile  combs  and  cutaneous  folds  (wattles), 
the  latter  principally  as  distinctions  of  the  male  sex.  The  beak  is 
usually  short,  broad  and  high,  and  is  characterized  both  by  the  ovei-- 
lapping  cutting  edges  and  by  the  depressed  extremity  of  the  uppei- 
beak.  Its  base  is  soft  and  membranous,  and  covered  with  feathers, 
among  which  a  membranous  or  cartilaginous  scale  projects  over  the 
nasal  apertvires.  The  plumage  of  the  Gallincccei  is  close  and  stiff, 
and  often  beautifully  marked  and  ornamented  with  rich  colours  and 
a  metallic  lustre  (male).  The  tail  quills  are  usually  more  than 
twelve  in  number,  and  there  may  be  as  many  as  eighteen  or  twenty. 
The  wings  are  as  a  rule  short  and  rounded,  with  ten  primary  remiges 
and  twelve  to  eighteen  secondary.  The  flight,  therefore,  is  clumsy : 
only  the  Pteroclidm  fly  quickly  and  with  skilful  turnings.  The  legs 
are  powerful  and  short,  or  of  medium  length ;  they  are  usually 
feathered  as  far  as  the  foot-joint,  rarely  up  to  the  toes.  There  is 
often  a  sharp  spur,  which  serves  as  a  weapon,  on  the  metatarsus  of 
the  male  above  the  hind  toe,  which  is  articulated  high  up.  The 
Gallinacei  live  for  the  most  part  on  the  ground,  either  in  forests  oi- 
in  fields,  on  grassy  plains  from  high  mountains  down  to  the  sea  coast. 
They  are  good  runners,  and  seek  their  food  on  the  ground,  feedinir 
specially  on  berries,  buds  and  seeds,  also  oa  insects  and  worms.  The}' 
form  their  rude  nests  for  the  most  part  on  the  surface  of  the  ground, 
or  in  low  bushes ;  more  rarely  on  high  trees,  and  lay  a  gi*eat  num- 
ber of  eggs.  As  a  rule  the  cock  lives  with  a  number  of  hens,  and 
cakes  no  part  either  in  the  building  of  the  nest  or  in  the  care  of  the 
brood.  The  young  are  for  the  most  part  2i'>'<^'i<^oces.  The  hens  are 
easily  domesticated,  and  on  account  of  their  eggs  and  their  well- 
flavoured  flesh,  have  been  made  useful  as  domestic  animals  from  the 
earliest  times. 

Fam,  Penelopidae.  Large,  long-legged  Gallinacei,  with  well-developed  remitres 
and  long,  rounded  tail,  resembling  the  three-toed  Ostrich  in  the  structure  of  tho 
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protrusiblc  penis.  Crax  alcctor  L.,  Curassow,  South  America  ;  Urax pmi^'i  L., 
U.  galeata  Cuv.,  Mexico ;  Pnielojfc  crUtata  Gm.,  Guan,  Brazil  ;  Mclcagris 
mrxicana,  Gould.,  ancestral  form  of  31.  galloparo,  the  Turkey. 

Here  are  allied  the  Crypturidae  (Tinamidae),  Tinamous,  and  Opisthocomidae, 
Hoazin. 

Fam.  Megapodiidae  (Mound-birds).    Long-legged  GalUnacei,  of  medium  size, 
with  short,  broad  tail  and  large,  strongly-clawed,  ambulatory  foot  (pes  ambula- 
torius),  the  hind  toe  of  which  is  articulated  at  the  same  level  as  the  fi'ont  toes. 
Megaccplialon  malco  Temm.,  Celebes:  McgajXHlins  tumitluK,  North  East  of-' 
Australia. 

Fam.  Phasianidae  (True  fowls).  The  head  is  partially  bare  of  feathers, 
especially  iu  the  cheek  region  ;  it  is  often  adorned  with  coloured  combs,  cutane- 
ous lobes  or  tufts  of  feathers,  and  has  a  strongly-arched  beak  of  medium  length, 
with  the  point  curved  downwards.  The  two  sexes  are  strikingly  different,  the 
male  being  larger  and  more  richly  adorned.  They  are  inhabitants  of  the  Old 
World.  Gallus  hanldva  Temm.,  Island  of  Sunda  ;  Lopliophorus  rrf  idff ens  Temm., 
Himalayas  ;  Phasianm  colchunis  L.,  Common  Pheasant  ;  P7i.  pictvs  L.,  Golden 
Pheasant;  P7t.  (GaUoj)hash'<')  nijctlnmernx  L.,  Silver  Pheasant,  China;  Paro 
cristatiis  L.,  Peacock;  Argus  gigantcus  Temm.,  Argus  Pheasant,  Malacca, 
Borneo  ;  Kumida  iiieleagris  L.,  Guinea  Fowl,  North  Afi'ica. 

Fam.  Tetraonidae.  The  body  is  stout,  the  neck  short,  the  head  small  and 
feathered,  with  at  most. one  naked  stripe  above  the  eyes.  The  legs  are  short, 
and  are  usually  feathered  down  to  the  toes.  Tctrao  nrog alius  L.,  Capercally  ; 
T.  tetrix  L.,  Black  Grouse.  The  hybrid  between  these  two  species  is  called 
T.  medivs,  by  Meyer.  T.  bonasia  L.,  Hazel  Grouse ;  Lagojnis  albns  Vieill., 
AVillow  Grouse,  Scandinavia ;  L.  culp  'nitis  Nilss. ;  Pcrdr  'ix  cincren,  Briss.,  Par- 
tridge ;  P.  saxatilis  M."\\'.  ;  P.  nihra  Temm.,  Eed-legged  Partridge  ;  Coturnix 
dactyluonans  Meyer,  Quail. 

Fam.  Pteroclidae  (Sand-grouse).  Small  Gallinacci,  with  small  head,  short 
beak,  short,  weak  legs,  long-pointed  wings  and  wedge-shaped  tail.  Feet  with 
short  toes  ;  hind  toe  when  present  rudimentary  and  attached  high  up  ;  it  may 
be  absent.  Pterucles  alcliata  Gray,  iu  Asia  Minor  and  Africa  ;  Sgrrhaptes 
paradoxus  Pall,  in  the  steppes  of  Tartary,  and  lately  in  North  Germany. 

Order  4. — Columbine  (Pigeons). 

Birds  with  weak  soft  heak,  swollen  round  the  nasal  aj^ertures,  with 
X>ointed  wings  of  viedium  size,  and  short  cloven  feet  {lyedes  fissi).  The 
young  are  altrices. 

The  Colunihince  are  most  nearly  allied  to  the  Pteroclidce.  They 
are  of  medium  size,  with  small  head,  short  neck  and  short  legs.  The 
Ijeak  is  longer  than  in  the  GalUnacei,  but  weaker,  and  gently  arched 
at  the  horny,  somewhat  turned- up  extremity.  At  the  base  of  the 
Ijeak  the  scaly  cover  of  the  nasal  openings  is  swollen,  naked,  and 
membranous.  The  rather  long,  pointed  wings  enable  the  bird  to 
fly  quickly  and  skilfully.  The  tail  is  weak  and  rounded,  and  contains 
usually  twelve,  rarely  fourteen,  or  sixteen  rectrices. 
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The  stiff,  beautifully  coloured  plumage  lies  smoothly  on  tlie  body, 
and  presents  hardly  any  difference  in  the  two  sexes.  The  short  legs 
are  unfitted  for  rapid  and  constant  locomotion.  The  feet  are  cloven 
{p.  fissi)  or  ambulatory  {p.  amhulatorii),  and  the  well-developed  hind 
toe  rests  on  the  ground.  The  Columbime  have  a  paired  crop,  which 
at  the  breeding  season  in  both  sexes  secretes  a  creamy  fluid  for  the 
nourishment  of  the  young.  They  are  distributed  over  all  parts  of 
the  world.  They  live  in  pairs  or  in  flocks  in  forests,  and  feed  almost 
exclusively  on  grain  and  seeds.  The  species  which  live  in  the  north 
are  migratory  (Zugvogel) ;  others  make  short  migration  (Strichvogel), 
while  others  are  resident  birds.  They  live  in  a  state  of  monogamy, 
and  lay  two,  rarely  three,  eggs  in  a  rudely-constructed  nest.  Both 


Fig.  662. — Coliditba  livia  (after  Naumann). 


sexes  take  part  in  hatching  and  bringing  up  the  young.  The  young 
leave  the  egg  almost  entirely  naked,  with  closed  eyelids,  and,  as 
altrices,  require  the  care  of  the  mother  for  a  considerable  time. 

Fam.  Columbidse.  The  beak,  with  smooth  edges,  never  dentated.  Cohimha 
livia  L.,  Rock- Dove  (fig.  662).  Slate-blue,  with  white  wing-coverts  and 
two  black  bands  on  the  wings  and  tail.  It  is  the  ancestral  form  of  the 
numerous  races  of  domestic  pigeon.  It  nests  on  rocks  and  ruins,  and  is  dis- 
tributed fi'om  the  coasts  of  the  Mediterranean  over  a  great  part  of  Europe  and 
Asia.  C.  (^Palunibceiias)  ainas  L.,  Stock-Dove  ;  Palumhus  iorquatm,  Leach. 
Eing-dove  ;  Ectopistcs  mifj  rater  ins  L.,  Passenger  Pigeon,  North  America  : 
Turtur  auritus  Bp.,  Tm-tle-Dove ;  T.  risorius  Sws.  ;  Gimra  eoronata,  Flem., 
New  Guinea. 

Fam.  Didunculidae.  Beak  compressed,  lower  jaw  dentated,  with  hooked 
extremity.    Bidiineulus  stri<jir(istris  Gould,  Samoa  Islands. 
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The  extinct  Dodos  (Ineptae)  were  allied  to  this  last  family,  and 
have  been  placed  among  the  pigeon-like  birds.  They  were  living  in 
Vasco  di  Gama's  time  on  small  islands  on  the  East  Coast  of  Africa 
(the  Masci^renes),  and  were  still  plentiful ;  they  became  extinct  two 
hundred  yetirs  ago.  As  far  as  we  can  judge  of  the  appearance  of  this 
bird  from  the  preserved  remains  (in  [London]  Oxford  and  Copenhagen) 
of  skulls,  beaks,  and  legs,  and  from  the  old  descriptions,  and  especially 
from  an  old  oil  painting  preserved  in  the  British  Museum,  the  Dodo, 
Didus  ineptus  L.,  was  an  unwieldy  bird,  larger  than  the  Swan,  with 
lax  plumage,  powerful,  four-toed,  scraping  feet,  and  strong,  deeply- 
cleft  beak. 

Order  5. — Scansores. 

Bi}'ds  with  2yoioerfid  heak,  stiff  plumage  having  hut  little  down,  and 
scansorial feet.    The  young  are  altrices. 

Within  the  artificial  limits  of  this  ordei-  is  included  a  number  of 
groups  of  very  different  birds  which  essentially  agree  only  in  the 
structure  of  the  feet,  which  are  adapted  principally  for  climbing ; 
they  pi-esent,  however,  considerable  differences  in  the  manner  of 
locomotion,  and  find  their  nearest  allies  in  several  families  of  Passeres. 
The  beak  is  always  powei-ful ;  it  is  sometimes  long,  straight,  and 
angular,  adapted  for  hammering  and  chiseling  on  ti'ees  (Woodpecker)  ; 
sometimes  short  and  curved  like  a  hook  (Parrot),  or  of  colossal  size 
and  with  dentated  edges  (Toucan).  The  legs  end  with  long-toed, 
scansorial  feet,  the  outer  toe  of  which  can  in  some  cases  be  directed 
forward.  The  metatarsus  is  seldom  feathered,  more  frequently  beset 
with  semirings  and  scutes  in  front  and  small  scales  behind.  The 
wings  contain  very  generally  ten  primaries.  The  tail  is  sometimes 
used  as  a  support  in  climbing.  Most  of  the  Scansores  inhabit  forests, 
nest  in  hollow  trees,  and  feed  on  insects,  some  of  them,  however,  on 
small  birds,  and  others  on  fruit  and  vegetable  matters. 

Fam.  EamphastidaB  (Toucans).  Raven-like  birds,  with  colossal,  marginally 
serrated  beak,  and  horny,  brush-like  tongue.  Ram2)hastus  toco  L.  ;  Pterofjloxsus 
Aracari  111. 

Fam.  Trogonidse.  Beak  short  and  strong,  vsdth  usually  serrated  edges  and 
wide,  slit-like  mouth,  with  bristles  at  the  corner  of  the  mouth.  The  plumage  of 
the  male  has  a  metallic  lustre.  Trogon  curucui  L.,  Brazil ;  Calwus  resplenclens 
Gould,  the  Quesal,  in  Central  America.  Here  are  allied  the  Jacamar  (^GalMla) 
and  PufE-bird  QJineoo). 

Fam.  CuculidsB  (Cuckoos).  With  gently-curved,  deeply-cleft  beak,  long 
pointed  wings,  and  wedge-shaped,  pointed  tail.  The  feet  are  scansorial,  and 
the  outer  toe  can  be  directed  forward.    Cuculus  eaiwrus  L.,  European  Cuckoo, 
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sparrowhawk-like,  with  harred  plumage  ;  Cocvygteg glandarivH  L.,  Great  Spottc-.i 
Cuckoo  of  South  Europe. 

Plere  are  allied  the  MuBophagidae  (I'laintain-eaters).  Corythaix  perm  L., 
Guinea ;  MiixopJiar/u  vwlaoeii  Lsert,  Plaiutain-eater,  West  Africa.  In  Colim's 
the  outer  and  innei-  toes  can  be  turned  backwards  or  forwards. 

Fam.  Picidae  (Woodpeckers).  PowerfuUy-built  Soansorex,  with  strong, 
chisel-shiiped  beak,  pointed  in  front,  without  cere.  Metatarsus  with  trans- 
verse scales  ;  feet  with  strong  claws  ;  with  firm  tail.  The  tongue  is  long,  flat 
and  horny,  and  bears  at  its  end  arrow-like,  short,  recurved  hooks;  it  can  b^ 
rapidly  protruded  to  a  considerable  distance  in  consequence  of  a  ijeculiai 
mechanism  of  the  hyoid  bone.  The  cornua  of  the  hyoid  are  bent  into  wide 
arches,  and  extend  over  the  skull  to  the  base  of  the  beak.  Picun  martim  L., 
Black  Woodpecker,  Europe  and  Asia  ;  P.  major  L. ;  P.  medium  L. ;  P.  (Piculv^) 
vuiior  L.,  Lesser  Spotted  Woodpecker,  Europe  ;  P.  tridactylus  L.  ;  P.  viridw  L.. 
Green  Woodpecker  ;  P.  canus  Gm.,  Greyheaded  Green  Woodpecker  :  lyn.r 
tflrqvUla  L.,  Wryneck. 

Fam.  Psittacidae  (Parrots).  Scansores  of  the  warmer  climates,  with  stout, 
strongly-bent  beak,  fleshy  tongue,  and  powerful  legs  with  short  metatarsus. 
The  feet,  with  toes  arranged  in  pairs,  are  used  like  a  hand  to  seize  the  food.  The 
upper  beak,  which  is  dentated  and  covered  at  its  base  by  a  cere,  is  articulated 
with  the  frontal,  and  its  long  hooked  extremity  overlaps  the  short  and  broad 
lower  beak.  Most  of  the  Parrots  belong  to  America,  many  also  to  the  Moluccas 
and  Australia.    A  few  are  found  in  Polynesia,  New  Zealand,  and  Africa. 

Plictolo2JhincD.  Cockatoos.  Head  usually  wdth  movable  crest.  Plictolophm 
Icucoeeplialm  Less.  ;  Nymplvlcm  Novcb  HoUandicii  Gray ;  Calyptm'hyn(;liv.i< 
galeatus  Lath.,  Van  Diemen's  Land. 

Platycercince.  Parrakeets.  With  moderately  pointed,  rarely  rounded  winr  , 
and  long,  graduated,  wedge-shaped  tail.  Sittace  militaris  L.,  Maccaw,  Mexico ; 
Palceornis  Alexandri  L.,  Ceylon  ;  Melopsittacus  vndulatus  Shaw  (Wellenpa- 
pagei),  Australia ;  Pezoporns  fonnosus  Lath.,  Ground- Parrakeet,  Australia ; 
Platycercvs  Pennantii  Lath.,  Australia. 

Psittacince.  Tail  truncated,  or  rounded.  Psittaom  eritJiacus  L.,  Grey  Parrot, 
West  Africa  ;  P.nttacida  pnsserina  L.,  Love-bird,  Brazil. 

Tricliogloss  'nice.  Lories.  The  tip  of  the  tongue  is  pencil-shaped,  with  feathery, 
horny  papillte.  Trichoglossus  papwnsis  L.,  New  Guinea  ;  Nestor  meridionalh- 
L.,  New  Zealand. 

StrigopincB.  Kakapos.  Of  owl- like  appearance,  with  incomplete  feather-disc. 
Strigo2Js  Jtabroptiltis  Gray,  New  Zealand. 


Order  6. — Passeres  (Insessores).    Passerine  Birds. 

Birds  with  horny  beak,  without  cere.  Metatarsus  covered  with 
lamince,  or  scales.  The  feet  are  pedes  amhulatorii,  p.  gressorii,  or 
p.  adhamantes.  The  young  are  altrices.  A  vocal  apparatus  with 
muscles  is  frequently  present. 

The  birds  included  in  this  large  order  are  of  small  size,  and  present 
great  differences  in  the  form  of  theii-  beak;  they  fly  exceedinglx" 
well.    When  on  the  ground  the}-  hop,  or  more  rarely  walk,  and 
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they  remain  by  preference  on  trees  and  in  bushes.  The}'  are  usually 
divided  according  to  their  vocal  apparatus  into  two  orders— the  sing- 
ing bu-ds  or  Osciues,  and  the  shrieking  birds  or  Clamatores;  a 
di\dsion  which  seems  the  more  artificial  because  the  same  types  of 
form  of  beak  and  of  the  whole  structure  of  the  body  are  repeated  in 
the  two  groups.  An  arrangement  based  on  the  form  of  the  beak 
might  lead  to  less  artificial  groups.  By  far  the  greater  number  of 
Passeres  live  in  monogamy,  often  united  in  large  flocks.  Many  of 
them  build  skilfully-consti'ucted  nests,  and  are  migratory. 

Tribe  1.  Levirostres.  Clamatores,  with  large,  but  light  beak,  short, 
weak  legs,  and  gi-essorial  or  fissate  feet,  which  are  adapted  for  cling- 
ing to  branches. 

Fam.  Buceridae  (Hornbills).  Raven-like  birds,  of  considerable  size,  with 
colossal,  but  always  light,  dentated,  and  downwardly-curved  beak  and  horn-like 
head-dress  at  the  base  of  the  iqiper  beak.  Bucorvus  alyssinicits  Gm. ;  Buceros 
rhinoceros  L..  Sumatra. 

Fam.  Halcyonidae  (Kingfishers).  Passeres,  with  large  head  and  long,  keeled, 
angular  beak,  relatively  short  wings  and  short  tail.  Metatarsus  short ;  feet 
gressorial.  Alceclo  isjf  idn.  L.,  Europe  ;  Ccryle  rudis  L.,  Black  and  white  King- 
fisher, Africa  ;  Daeelo  gif/as  Glog.,  Australia. 

Fam.  Meropidse.  Bee-eaters.  The  beak  is  compressed  and  gently  curved 
downwards.  The  plumage  is  variegated  ;  the  tegs  are  weak.  The  Avings  are 
pointed,  with  long  coverts.    Merops  apiaster  L.,  South  Europe. 

Fam.  Coracidae.  Rollers.  Large,  beautifully  coloured  birds,  vs?ith  deeply-cleft 
beak  with  sharp  edges  and  recurved  extremity.  The  wings  are  long  and  the 
feet  cloven  (ip.  fssi).    Coracias  garrvla  L..  Roller. 

Tribe  2.  Tenuirostres.  Clamatores  and  Oscines  with  long,  thin 
beak  and  ambulatory  or  cloven  feet  (p.  amhulatorii  or  fissi),  with 
long  hind  toe. 

Fam.  Upupidse.  Hoopoes.  Beauttfally  coloured  Clamatores  with  long, 
laterally  compressed  beak  ;  short,  triangular  tongue  and  long,  strongly  rounded 
wings.    Upiipa  epops  L.,  Hoopoe. 

Fam.  Trochilidse.  Humming  bii'ds.  The  smallest  of  all  bii-ds.  Variegated 
plumage  with  metallic  lustre.  Slender  feet  amhdatorii  or  f  ssi).  .  The 
long,  awl-shaped  beak  has,  in  consequence  of  the  projecting  edges  of  the  upper 
beak,  the  form  of  a  tube,  from  which  the  long  tongue,  which  is  cleft  up  to  the 
root,  can  be  rapidly  projected.  BhampJiofImi.n(cviiis  Less.,  Brazil  ;  Phactliorni" 
superciliosus  Sws.,  Brazil;  Trocldlus  cohihr/s  L.  :  LopJiornix  mafjuijica  Pp., 
Brazil. 

Fam.  Meliphagidse.  Honey  suckers.  Small,  beautifully  coloured  birds,  of 
stout  build,  with  muscular  vocal  apparatus,  with  long  gently-curved  beak,  long 
metatarsus,  wings  of  medium  length  and  long  tail.  MeUj?Jtaf/a  aurwomis  Sws?, 
Australia  ;  Nectarinia  famosa  111.;  K.  {OiHmjris')  splefidida  'Cuv.,  South  Africa.' 

Fam.  Certhiidae.  Tree-creepers.  Oscines  mth  long,  slightly-curved  beak' 
pointed,  horny  tongue,  metatarsus  covered  with  scales,  and  long  hind  toe  with' 
a  sharp  claw.  Certhia  familiaris  L.,  Common  creeper  ;  Tichodroma  mnraria 
ni..  Wall  cT'eeper, 
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Tnbe  3.  Fissirostres.  With  short  neck,  lluttened  head,  and 
deeply-cleft  beak,  witli  long,  pointed  wings  and  weak  feet  {p.  a,uhu- 
latorii  or  adhamantes).  They  all  Hy  with  rapidity  and  dextei-ity. 
They  catch  their  food,  especially  flies,  JVeuroptera  and  butterflies, 
during  flight  with  open  beak.  They  live  for  the  most  part  in 
warmer  climates. 

Fam.  Hirundinidse.  Swallows.  Small,  delicately-formed  Ogeines  with  Ijroaxl, 
triangular  beak,  comprcssocl  at  the  point,  nine  ])rimary  rectriees  and  long,  forked 
tail.  They  are  distributed  over  all  ])arts  of  the  earth,  aii<l  construct  their  nests 
with  skill.  The  European  species  pass  the  winter  in  Central  Africa.  Hirundo 
L.  Beak  short  and  triangular  ;  metatarsus  naked.  The  first  and  second  remiges 
of  equal  length.  H.  rustica  L.,  Swallow.  //.  {CJieluloii  Boie.  with  feathered 
metatarsus)  urhica  L.,  Martin.  //.  iCotile  Boie.  The  nasal  apertm-es  free,  the 
tail  slightly  excavated  and  moderately  long)  ri2)aria  L.,  Sand  Martin.  Nests 
in  holes  in  the  earth,  which  it  digs  for  itself  in  banks.  H.  rii2feiftri)i  Scop., 
Crag  Swallow,  South  of  France. 

Fam.   Cypselidae.     Swifts.   Swallow-like  Claniatores,  with  narrow  wings 
curved  in  the  form  of  a  sabre  ;  short  feathered  metatarsus  and  strongly  clawed 
feet  (jJedes  acllMmantcs) ;    sometimes  with  inwardly  directed  hind  toe 
Collocalin  esculerita  L.,  (Salangane),  East  Indies  ;  Cijpselus  apus  L.,  Swift ; 
C.  melha  L.,  {alpmva),  Alpine  Swift. 

Fam.  Caprimulgidse.  Goatsuckers.  Clamatcres,  with  short,  uncommonly  flat, 
triangular  beak.  Their  size  varies  from  that  of  a  lark  to  that  of  a  raven. 
Plumage  soft,  owl-like,  and  of  the  colour  of  the  bark  of  trees.  The  legs  are 
very  weak  and  short.  Hind  toes  half  turned  inwards,  but  can  also  be  turned 
forwards.  The  middle  toe  is  long,  and  sometimes  has  a  serrated  claw.  They 
live  for  the  most  part  in  forests,  and  feed  especially  on  moths,  which  they  catch 
in  their  open  mouth,  during  their-  swift,  silent  flight.  As  a  rule  they  lay  two 
eggs  on  the  bare  ground,  without  even  scraping  a  hole  for  their  reception. 
Caprimnlgns  L. ,  the  buccal  slit  extends  to  close  below  the  eyes.  Edge  of  beak 
not  dentated,  is  fiinged -with  stiff  bristles.  C.  curopaniH  L.  ;  C.  riiJicoUis  Temm., 
Spain. 

Ti'ibe  4.  Dentirostres.  Principally  Oscines  with  variously-shaped, 
often,  thin  and  pointed,  sometimes  slightly  curved  beak ;  upper  beak 
is  more  or  less  notched  at  the  point.  In  the  mngs,  which  are  of 
medium  length,  the  first  of  the  ten  piumary  remiges  is  reduced,  and 
may  be  entirely  absent. 

Fam.  Corvidae.  Beak  strong  and  thick,  somewhat  curved  anteriorly  and 
slightly  notched.  Corvus  corax  L.,  Raven;  C.  comix  L.,  Hooded  Crow;  C. 
corone  L.,  Carrion  Crow  ;  C.  fnuiilcgus  L.,  Rook  ;  C.  monedula  L.,  Jackdaw  : 
Pica,  naudata  Ray,  Magpie  ;  Garrulus  glandariiis  L.,  Jay;  Oriolus  galhuhi  L.. 
Golden  Oriole. 

Fam.  Paradiseidae.  Birds  of  Paradise.  With  slightly  curved,  compressed 
beak.  Feet  very  strong  and  toes  large.  The  two  middle  rectriees  are  often 
elongated  and  filiform,  with  small  vane  only  at  the  extremity.  Male  with 
tufts  of  lax  feathers  at  the  sides  of  the  body,  and  also  on  the  neck  and  breast. 
Paradimi  apoda  L.  ;  Ciminmirun  rer/iuit  L.,  New  Guinea,  (fig.  6(53.) 
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Fani  Sturnidffl.  Starlings.  Oscincs  with  straiglit  or  slightly  curved,  strong 
uoak  the  point  of  which  is  rarely  only  slightly  notched,  without  rictal  vibnssic. 
Stuniux  ruhiaris  L.,  Starling  :  Pastor  roseus  Temm.,  Rose-coloui-ed  Starhng  ; 
Buphaija  afrlcwna  L.,  Oxpecker.  , ,   ,  ^ 

Here  are  allied  Plpra  aureola  I..,  Cayenne;  Rnplcola  orocea  Bp.,  Cock  oi  the 
Rock,  South  America,  and  the  Cotingidse. 

Fam.  Laniidffi.  Shrikes.  Large,  powerful  OsolncH  with  hooked,  strongly 
serrated  beak,  strong  rictal  vibrissie,  and  tolerably  long,  sharply  clawed  feet. 
Lanius  exeuUtor  L.,  Grey  Shrike;  L.  minor  L.,  Lesser  Grey  Shrike;  L.  rvfus 
Briss.,  Woodchat  Shrike  ;  L.  eoUurio  L.,  Red-backed  Shrike. 

Fam.  Muscicapidse.    Flycatchers.    Beak  short,  broad  and  depressed  at  the 


Fig.  1)03. — Ciiiciiinurus  regius  (male  and  female). 

base,  somewhat  compressed  anteriorly,  with  hooked  curved  point.  Mnseicapa 
ffvlwla  L. ;  M.  atrioajtlUa  L.  ;  ]U.  collar  is  Bechst.,  (all)  t  colli  s)  :  Bomhycilla 
ijarrula  L.,  Waxwing, 

Fam.  Paridse.  Titmice.  Small,  beautifully  coloured,  and  very  agile  Oscines, 
of  stout  build,  with  sharp,  short,  almost  conical  beak.  Parus  major  L.,  Great 
Titmouse:  P.  atcr  L.,  Coal  Titmouse  ;  P.  ccerulenn  L.,  Blue  Titmouse;  P.  cris- 
tatus  L.,  Crested  Titmouse  ;  P.  palnMris  L.,  Marsh  Titmouse  ;  P.  caudatvs  L., 
Long-tailed  Titmouse ;  Aet/itlialus  peiidulinvs  L.,  Penduline  Titmouse  ;  Sitta 
cvroptm  L.,  Nuthatch. 

Fam.  Motacillidae.  Wagtails.  Slender  body  ;  beak  tolerably  long,  and 
notched  at  the  point.  Authus  prafeusis  Bechst,  Meadow  Pipit;  Motacilla 
alba  L. ;  M.  flava  L. ;  21.  suljjJmra  Bechst.;  Accentor  alpinus  Bechst.,  Alpine 
Accentor. 
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Fam.  SylviidBB.  «mall  Osruit-s,  with  thin  and  pointed  beak  and  metatarsus 
covered  with  scales  in  frout.  Si/lvia  nuoria  Bech.st.,  Barred  Warbler:  ,5. 
atncapilla  Latli,  Blackcap;  Phyllcqmemte  hypnlais  Bechst. ;  Troglodyteg 
IMvvulns  Koch,  Wren  ;  Regnlm  oriHatits  Koch ;  R.  ignicamllux  Naum.,  Fire- 
crested  Wren. 

Fani.  Turdidae.  Thrushes.  The  beak  is  tolerably  long,  somewhat  compressed, 
and  sll^^htly  notched  before  the  point,  and  furnished  with  vibrissse  at  its  base. 
The  metatarsus  is  long,  and  covered  with  an  anterior  and  two  lateral  scales, 
laminiplantar.  ttreoZm-  aquaticus  Bechst.,  Dipper  ;  Luseinia  2>hilomcU  Bechst., 
Thrush  Nightingale,  large  nightingale  in  East  Europe;  L.  L.,  Night- 

ingale ;  L.mt'oica  L.,  Blue-throat;  L.  riiUcula  L.,  Robin;  Tiirdm  jnlari^L., 
Fieldfare  ;  T.  mmiouit  L.,.Thrush  ;  T.  Uiaci/itL.,  Redwing  ;  7'.  torrpiatuH  L.,  Ring- 
ouzel  ;  T.  men/la  L.,  Blackbird  ;  T.  saxatilu  L.,  Rock  Thrush ;  T.  mU/ratoriug 
L.,  American  Robin;  T.  ci/anvs  L.,  Blue  Thrush.  The  Lyre-bird  "(l/<;w,?/m 
swperha,  Dav.)— a  large  bird  found  in  New  Holland— is  allied  to  the  Thi'ushes 
in  the  form  of  its  beak. 

Tribe  5.  Conirostres.  Oscines  of  small  size,  mth  thick  head  and 
powerful,  conical  beak,  with  short  neck,  wings  of  medium  length  and 
ambulatory  feet  {p.  amhidatorii).  The  metatarsus  is  short,  and  is 
covered  with  scales  in  front.  They  feed  on  corn  and  seeds,  berries 
and  fruits,  but  do  not  despise  insects. 

Fam.  Alaudidae.  Larks.  The  plumage  is  earth-coloured  ;  the  beak  is  of 
medium  length,  the  wings  broad  and  long,  and  the  tail  short.  Alanda  arvensu 
L.,  Skylark ;  A.  arhorea  L..  Woodlark  ;  A.  cristata  L.,  Crested  Lark ;  A. 
alfextria  L.,  Shore  Lark ;  A.  calandra,  Calandra  Lark,  South  Europe. 

Fam.  Fringillidae.  Finches.  With  short,  thick,  conical  beak,  without  notch, 
but  vsdth  a  basal  swelling.  Emheriza  citrinella  L.,  Yellow  Bunting  ;  E.  da  L., 
Meadow  Bunting  ;  E.  nivalis  L.,  Snow  Bunting  ;  Fringilla  ccelehs  L.,  Chaffinch  ; 
F.  spinvs  L.,  Siskin  ;  E.  cardvelis  L.,  Goldfinch  ;  Passer  dovwsticvs  L.,  House- 
sparrow  ;  P.  montamis  L.,  Tree-spaiTow ;  Coccotliraustes  vnlgaHs  Pall.,  Haw- 
finch ;  Pijrrlinla  vulgaris  Briss.,  Bullfinch  ;  P.  canarla  L.,  Canary ;  Loxia 
curvirostra  Gm.,  Crossbill. 

Fam.  Ploceidae.  Weaver-birds.  Build  purse-shaped  nests.  Live  in  Africa, 
East  India,  and  Australia.    Plocnis  textor  Gray  ;  PI.  socius  Gray. 

Order  7. — Raptatores  (Birds  of  Prey). 

Powerfully-huilt  birds,  with  curved  beak,  hooked  at  the  extremiti/, 
and  strongly  clatoed  feet  [p.  insidentes).  They  feed  principcdly  on 
loarm-blooded  animals. 

The  Raptatores  are  characterised  by  their  powerful  build,  by  the 
high  development  of  their  sense  organs,  and  by.  the  sjjecial  develop- 
ment of  their  beak  and  of  the  armature  of  the  feet,  by  which  they 
are  fitted  for  their  peculiar  mode  of  existence.  The  compressed  root 
of  the  beak  is  covered  by  a  soft  cere,  which  surrounds  the  nasal 
apertures.    The  cutting  edges,  and  the  hooked  and  downwardly- 


RAPTATORES. 


869 


clu'ved  point  of  the  uppei-  beak  are  always  hard  and  horny.  The 
strong  toes,  of  which  the  outer  can  be  turned  backwards  or  forwards, 
ai'e  always  armed  with  powerful  claws,  which  are  admirably  adapted 
for  the  seizure  of  prey.  The  feet  are  insidentes,  and  are  feathered 
to  the  intei'tarsal  joint,  rarely  to  the  toes.  Before  the  digestion  the 
food  is  softened  in  the  crop,  from  which  the  feathers  and  hairs  rolled 
together  in  balls  are  ejected  as  the  "  castings."  As  a  rule  the  female 
alone  incubates,  but  the  male  assists  in  procuring  food  for  the  help- 
less young.    Some  genera  of  Owls  and  Falcons  are  cosmopolitan, 

Fam.  Strigidae.  Owls.  With  large,  anteriorly  directed  eyes,  which  are  sur- 
rounded by  a  circle  of  stiff  feathers,  sometimes  in  a  veil-like  manner  ;  with 
strong,  hooked  beak,  bent  downwards  fi-om  the  base.  The  ear  has  usually  a 
membranous  operculum  and  external  cutaneous  fold,  on  which  the  feathers  may 
be  grouped,  so  as  to  give  the  appearance  of  a  concha.  Str  ix  fiammea  L.,  Barn 
Owl  (fig.  664)  ;  Si/rnium,  aluoo  L.,  Tawny  Owl  ;  Otvs  vulgaris  L.,  Long-eared 
Owl ;  0.  brach.yotus  Gm.,  Short-eared  Owl ;  Bioho  maximus  Sibb.,  Eagle  Owl ; 
Eplvkdtes  scojJS  L.,  Scops  Owl,  South  Europe  ; 
Sitrnia passer ina  Bias.,  Sparrow  Owl ;  Nyctm 
nivea  Daud.,  Snowy  Owl. 

Fam.  Vulturidae.  Vultures.  Haptatores 
of  large  size,  with  long,  straight  beak,  only 
bent  downwards  at  the  tip.  Nares  often 
pervious  iCatliartmcs).  Head  and  neck 
often  in  great  part  naked.  The  head  some- 
times bears  lobed  appendages  ;  the  neck  is 
often  surrounded  by  a  collar  of  down  and 

feathers.    Sarcorhaviphns  (jriiplius  Geoffr.,       „    ^       ,  ,  ^ 
Condor ;  5.         Dum.,  King- Vulture.  South  '  ' 

America;    Catliartes  aura  111.;   C.  atratus        ^^i"- 664- Head  of  5<rtx^am,««a. 

Baird,  Turkey  Buzzard,  South  America  ;  Neophron  percnopterns  Sav.,  Egyptian 
Vulture;  Vultur  cmereus  Gm.,  South  Europe;  Gyps  fnlvv  s  Biiss.;  Gypaetus 
iarhatus  Guv.,  Lammergeier,  South  Europe. 

Fam.  Accipitridae  =  Falconidse.  With  shorter  and  usually  dentated' beak, 
feathered  head  (rarely  with  naked  cheeks)  and  neck.  Metatarsus  of  medium 
length,  and  sometimes  feathered. 

Aquila  chrysaetos  L.,  Golden  Eagle,  South  Germany;  B.  imperialis  Kais  Bias 
Impenal  Eagle,  South  Europe  ;  A.fulva  M.W..  Golden  Eagle,  Tyrol ;  A.  naevia 
Bnss.,  Spotted  Eagle  ;  Haliaetos  alhicilla  Briss.  iossifraqvs  L.)   Sea  Eagle 
Europe,  North  Africa  ;  Pandion  haliaetos,  Guv.,  Osprey,  Northern  hemisphere  ' 

Mdvus  regalis  Briss.,  Red  Kite.    Seizes  its  prev  from  other  birds,  and 
only  takes  small  animals— as  hamster-rats,  moles,  and  mice;  M  at cr  D^iml 
Black  Kite. 

Buteo  vulgaris  L.,  Buzzard  :  B.  lagopus  L.,  Rough-legged  Buzza,rd  :  Pernis 
apivorus  Cuv.,  Honey  Buzzard. 

Asturpalumbarius  L.,  Goshawk;  Mstis  comnmnis  Cuv.,  Sparrowhawk 

Falco  ti>uiumidns  L.,  Kestrel  ;  F.peregrinus  L.,  Peregrine-falcon  ;  F.  candidus 
( .  m.  =  (jyrfalco  L..  Jer-falcon. 

Vii-cus  rvfus  L.  iaivnginosus-),  Marsh  Harrier ;  C.  cyaneus  L..  Hen  Harrier. 
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Fam.  GypogeranidsB.  Slemlcr  body,  with  long  neck,  long  wings  and  tail, 
and  much  elongated  metatarsus.  Beak  with  extended  cere,  laterally  compressed 
and  strongly  curved.  Gyjmjennmx  i<rrpciitar'ni.<<  111..  Secretary  bird.  Flics 
badly,  but  runs  well ;  preys  on  snakes  in  Africa. 


II.-  RATIM. 

Birds  incapable  of  flight,  witlioiit  sternal  keel,  and  without  fii-m 
remiges  or  rectrices. 

Order  1, — Cuesores. 

Eatitce  of  considerable  hodij  size,  rvith  three-toed  or  excejitionally 
with  two-toed  cursorial  feet. 

The  Ostriches,  which  are  the  largest  of  living  birds,  possess  a  broad 
and  flat,  deeply-slit  beak  with  a  blunt  point,  a  relatively  small,  in 
part  naked,  head,  a  long,  slightly  feathei-ed  neck  and  long  powerful 
cursorial  legs.  Besides  the  reduction  of  the  wing-bones,  there  are 
other  peculiarities  of  skeletal  structui'e  which  characterise  these  birds 
as  being  exclusively  cursorial.  Almost  all  the  bones  are  heavy  and 
massive,  with  much  reduced  pneumaticitv.  The  sternum  has  the 
foi-m  of  a  broad,  slightly  arched  plate,  A\ithout  any  trace  of  a  keel. 
The  clavicle  also  is  undeveloped,  and  the  uncinate  processes  of  the 
ribs  are  rudimentary  or  entirely  absent.  The  plumage  covers  the 
body  with  tolerable  uniformity,  except  that  there  are  naked  places 
on  the  head,  the  neck,  the  extremities,  and  the  abdomen ;  but  does 
not  present  any  regular  arrangement  of  i^terylK  ;  it  approximates  in 
its  special  structure  to  the  hairy  covering  of  Mammalia  (Cassowary). 
While  the  down  is  much  reduced,  the  contour-feathers  have  a  more 
down-like  appearance  on  account  of  their  flexible  shaft  and  lax  vane, 
or  they  may  be  stifi"  and  hair-like  with  setiform  barbs,  or  sometimes, 
as  in  the  wings  of  the  Cassowary,  they  are  spine-like. 

Fam.  Struthionidse.  Two-toed  Ostriches.  With  naked  head  and  neck, 
pubic  symphysis  and  long,  completely  naked,  two-toed  legs.  They  inhabit  the 
plains  and  deserts  of  Africa.  They  live  in  companies,  and  are  polygamous. 
Strutliio  cameluii  L.,  Ostrich. 

Fam.  Rheidae.  Three-toed  Ostriches.  With  partially  feathered  head  and 
neck,  and  three-toed  feet.  They  inhabit  America.  Rhea  amcricana  Lam.. 
Ehea, 

Fam.  Casuariidae  With  high,  almost  compressed  beak,  and  usualty  a  helmet- 
shaped,  bony  knob  on  the  head,  with  short  neck  and  three-toed  legs.  Dronunis 
JVovci'  Hollandia;  Gray.  Emeu,  Australia  ;  Gastiaviiis  galeatua  VieilL,  Cassowary, 
New  Guinea  [Ceram]. 
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The  i-eduction  of  the  wings  in  terrestrial  birds  is  not  confined  to 
the  Ostriches;  but  is  also  characteristic  of  a  number  of  very  strangely 
organised  forms  which  differ  so  much  fi'om  each  other  that  the}- 
deserve  to  be  separated  into  several  orders.  These  birds  belong 
jn-incipally  to  New  Zealand ;  also  to  Madagascar  and  the  Masearenes. 
.Some  of  them  ai-e  extinct,  but  have  only  become  so  within  historic 
times. 

In  the  uninhabited  forest  regions  of  the  north  island  of  New 
Zejdand  there  still  lives,  though  gradually  approaching  extinction, 


Fio.  665. — Apteryx  Oweiiii. 


an  extremely  remarkable  bird— the  Ki^i  (Apteryx  ManteUi  =  Aus- 
tralis  Shaw),  which  is  sometimes  placed  among  the  o.-triches  and 
called  the  Dwarf  Ostrich.  A  second  species  of  the  same  genus  (A 
Owemi)  belongs  to  the  south  island,  on  which  another  larger  form 
{Hoaroa)  is  said  to  exist,  and  has  been  distinguished  as  a  third  species 
{A.  maxima.  Yerr.).  These  birds  (Apterygia),  which  are  about  the 
size  of  a  large  hen,  are  entirely  covered  with  long,  hair-like  feathers 
which  hang  down  loosely  and  completely  hide  the  rudimentary  wings' 
The  short,  powerful  legs  are  covered  with  scales ;  the  three  aiiteriorly 
du-ected  toes  are  armed  with  claws  adapted  for  scratching;  the  hind 
toe  IS  short  and  raised  from  the  ground.    The  head,  which  is  borne  ' 
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■on  a  short  neck,  is  prolonged  into  a  long  and  rounded,  snipe-like  beak, 
at  the  extreme  point  of  which  are  the  nasiil  apertures.  The  Kiwis 
are  nocturnal  birds,  which  by  day  remain  concealed  in  holes  in  the 
earth  and  go  out  at  night  to  seek  their  food.  They  feed  on  insect- 
larvfe  and  worms,  hve  in  pairs,  and  at  the  breeding  time,  which  seems 
to  come  twice  in  the  year,  they  lay,  in  holes  scraped  in  the  earth,  a 
strikingly  large  egg,  which  according  to  some  is  incubated  by  the 
female,  and  according  to  others  by  the  male  and  female  in  turn. 

A  second  group  of  tei-restrial  birds  of  New  Zealand,  which  are 
incapable  of  flight,  includes  a  number  of  forms  which  are  in  great  part 
extinct,  and  some  of  which  attained  an  enormous  size  (up  to  ten  feet 
high).  These  are  the  Dinornithidae,  Of  heavy,  unwieldy  build,  and 
incapable  of  raising  themselves  from  the  ground,  they  were  unable  to 
resist  the  pursuit  of  the  natives  of  New  Zealand.  The  remains  of 
some  have  been  found  in  the  diluvium,  and  in  some  cases  the  bones 
appear  so  recent,  that  it  cannot  be  doubted  that  they  co-existed  with 
man.  The  traditions  of  the  natives  about  the  gigantic  Moa,  and 
numerous  discoveries  of  the  fragments  of  eggs  in  graves,  also  point 
to  the  fact  that  these  gigantic  birds  have  lived  in  historic  times; 
while,  on  the  other  hand,  recent  discoveries  have  rendered  probable 
the  existence  of  smaller  species  at  the  present  day.  Recently  in  the 
exploration  of  the  mountain  chains,  between  the  Rewaki  and  Tabaka 
rivers,  the  footprints  of  a  gigantic  bird,  the  bones  of  which  were 
already  known  from  the  volcanic  sand  of  the  north  island,  have  been 
discovered.  The  restoration  of  the  skeleton  of  gigantic  species 
[Pcdapteryx  ingens,  Dinornis  giganteus,  elephantojms,  etc.)  has  been 
partially  effected  from  the  bones  which  have  been  collected.  A 
skeleton  of  Dinornis  elephantopus  is  in  the  British  Museiun,  and 
one  of  P.  ingens  has  been  set  up  in  Vienna  by  Hochstetter  (Voyage 
of  the  Novara).  In  Madagascar  pieces  of  the  tarsal  bones  of  a 
gigantic  bird  have  been  found  in  the  alluvium  {j^Epyornis  inaximus 
—the  Reek  of  Marco  Polo),  and  well-preserved,  colossal  eggs  have 
been  discovered  in  the  mud,  the  contents  of  which  would  have  been 
«qual  to  about  150  hen's  eggs. 


MAMMALIA. 


273 


CHAPTER  IX. 

Class  v.— MAMMALIA.  *  ' 

Warm-blooded,  hairy  animals  with  double  occiintal  condyle.  They 
are  viviparous  and  stickle  their  young  with  the  secretion  of  milk 
i^mavnnary)  glands. 

As  opposed  to  Birds,  Mammals  are  adapted,  by  the  similar  struc- 
ture of  the  tAvo  paii's  of  extremities,  to  live  principally  on  land. 
There  are,  however,  in  this  class  also  forms  which  are  fitted  in 
various  degrees  for  an  aquatic  life,  and  even  live  entirely  in  water, 
and  again  forms  which  move  and  find  their  food  in  the  air. 

The  surface  of  the  skin  is  rarely  quite  smooth  as  in  the  Getacea, 
but  is  traversed  by  numerous  curved,  spiral,  and  partly  crossing 
furrows,  and  in  many  places  (sole  of  foot,  ischial  callosities)  is  thick- 
ened and  indurated,  so  as  to  form  firm,  horny  plates. 

The  hairy  covering  is  to  Mammalia  (named  "  Haarthiere  "  by  Oken), 
what  the  plumage  is  to  Bii'ds,  Hairs  are  never  entirely  absent; 
even  the  huge  aquatic  forms  and  the  largest  of  the  tropical  terrestrial 
species  which  seem  to  be  naked,  possess  hairs  on  certain  parts  of  the 
body ;  e.g.,  the  Getacea  have  short  bristles,  at  least  on  the  lips.  Hairs, 
like  feathers,  are  epidermal  structures  (fig.  666.)  The  bulbous  root  is 
placed  on  a  vascular  papilla  (pidpa),  at  the  bottom  of  a  pit,  which 
projects  into  the  cutis  and  is  lined  by  epidermal  cells  (hair-follicle) 
while  the  upper  part,  or  shaft,  projects  freely  on  the  surface  of  the 
skin.  Two  kinds  of  hairs  may  be  distinguished,  according  to  the 
strength  and  rigidity  of  the  shaft,  viz.,  contour  hairs  and  woolly 
hairs.  Woolly  hairs  are  delicate  and  curled,  and  surround  in  larger 
or  smaller  numbers  the  base  of  each  contour  hair.  The  finer  and 
warmer  the  fur,  the  more  numerous  are  the  woolly  hairs  (winter-fur). 
When  the  contour  hairs  have  a  greater  strength  they  become  bristles, 

*  Joh.  Ch.  D.  V.  Sclircber,  "Die  Siiugethiere  in  Abbildimgen  nach  der  Natur 
mit  Beschreibungen,  fortgesetzt  von  Joh.  Andr.  Wagner,"  Bd.  I.— VII.,  und 
Suppl.  I.— V.    Erlangen  und  Leipzig,  1775—185.5. 

E.  G.  St.  Hilaire  et  Fr6d.  Cuvier,  "  Histoii-e  naturelle  des  Mammif^res." 
Paris,  1819—1835.  ' 

C.  J.  Temmink,  "  Monographie  de  mammalogie."    Leiden,  1825—1841 

R.  Owen,  "  Odontography,"  2  vol.    London,  1840—1845. 

Blasius,  "  Die  Saugethiere  Dcutschlands  "  1875. 
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VOL.  II.  -j^g 


274 


MAMMALIA. 


iuid  when  still  stronger  and  thicker  they  constitute  spines  (Hedgehog, 
Porcupine.)  To  the  stronger  hairs  are  attaclied  smooth  muscles  of 
the  dermis,  by  means  of  which  each  one  of  them  can  be  moved  singly, 
while  the  striped  muscular  system  of  the  dermis  causes  the  bristling 
of  the  hairy  covering  and  the  erection  of  the  spines  over  larger 
extents  of  surface. 

The  epidermis  may  also  give  rise  to  smaller  horny  scales  as  well  as 
to  large  overlapping  scales ;  the  former  on  the  tails  of  Rodents  and 
Marsupials,  tlie  latter  upon  the  whole  doi-sal  and  lateral  surfjices  of 

the  Pangolins  (^Mania), 
which  thus  possess  a 
horny  epidermal  exo- 
skeleton.  Another  form 
of  exoskeleton  is  foujid 
in  the  Armadillos;  it 
arises  by  ossification  of 
the  dermis,  and  con- 
sists of  suturally  vinited 
plates,  and  in  the  middle 
of  the  body  of  broad, 
movable,  bony  girdles. 
Amongst  the  dermal 
ossifications  must  also 
be  reckoned  the  antlers 
of  the  Deer  which  are 
periodically  renewed. 
The  horny  sheaths  of 
the  Cavicornia,  the 
horns  of  the  Rhviioce- 
ridce  and  the  various 
hoi-ny  coverings  of  the 
extremities  of  the  digits 
are  epidermal  structures.  The  latter  may  be  distinguished  into 
nails  {unguis  lamnaris,  unguis  tegularis),  claws  (fulcula),  and  hoofs 
(ungula.) 

Cutaneous  glands. — Sweat  glands  and  sebaceous  glands  (fig.  6Gii) 
are  widely  distributed.  Sebaceous  glands  are  invariable  accompani- 
ments of  the  hair  follicles,  but  they  are  also  found  on  naked  parts  of 
the  skin ;  they  secrete  a  fatty  grease,  which  keeps  the  surface  of  the 
skin  soft.  The  sweat  glands  have  the  form  of  coiled  glandular  tubes 
with  sinuous  ducts,  and  are  only  seldom  absent  {Cetacea,  Mus,  Taljxt). 


Fio.  G66. — Section  tlirousli  the  human  scnlp.  Ep,  Epi- 
dermis ;  Ul,  transverse  bands  of  the  connective-tissue 
of  the  cutis ;  Uq,  longitudinal  bands  of  the  same ;  H, 
hair ;  Hz,  root  of  hair ;  P,  hair  papilla ;  Hb,  Hair 
follicle ;  Ma,  'musculus  erector  pili ;  T,  sebaceous 
gland  ;  SD,  sweat  gland  ;  F,  fat  body. 
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The  larger  glands,  with  strongly  smelling  secretions,  which  open  on 
various  parts  of  the  integument  of  many  mammals,  are  to  be  regarded 
as  modified  sebaceous  or  more  rarely  sweat  glands.  As  examples  of 
such  glands  may  be  mentioned — the  occipital  glands  of  the  Camel, 
the  glands  Avhich  are  placed  in  a  depression  of  the  lachrymal  bone  of 
Cervits,  Antilo})e,  Ovis,  the  temporal  glands  of  th&  Elephant,  the 
facial  glands  of  the  Bat,  the  pedal  glands  of  Ruminants,  the  lateral 
glands  of  the  Shi-ewmouse,  the  sacral  gland  of  Dicotyles,  the  caudal 
glands  of  the  Desman,  the  crural  glands  of  the  male  Monotremes, 
etc.  These  excretory  organs  are  most  frequently  found  near  the 
anus,  or  in  the  inguinal  region,  and  are  then  often  placed  in  special 


Fio.  Gt)7.— Skull  of  a  goat,  from  the  side.  01,  exoccipital;  C.  ooudylo;  P;«,  paramastoid 
process ;  Og,  supra-occipital ;  Sq,  squamosal ;  Ty,  tympanic ;  Pe,  petrous  (mastoid 
portion);  Per,  parietal ;  2^r,  frontal ;  La,  lachrymal;  iVa,  nasal ;  Jb,  optic  foramen ;  Mx, 
maxillary  ;  Jmx,  prtemaxillary  ;  Jn,  jugal;  Pal,  palatine  ;  Pi,  pterygoid. 

cutaneous  pits — e.g.,  the  anal  glands  of  many  Carnivora,  Rodentia, 
and  Edentata,  the  civet  gland  of  the  Viverridce,  the  musk  pouch  of 
Moschus  moschiferus,  and  the  preputial  glands  of  the  male  Beaver. 

The  skeleton  is  formed  of  heavy  bones  containing  marrow.  The 
skull  (fig.  667)  is  a  spacious  capsule,  the  bony  pieces  of  which  are 
only  exceptionally  {Ornithorhynchus)  fused  in  early  life,  but  as  a 
rule  they  remain  for  the  most  part  separated  by  suture  throughout 
life.  There  are,  however,  many  cases  in  which  in  the  adult  animals 
the  sutures  have  partly  or  wholly  vanished  (Ape,  Weasel).  The 
great  extension  of  the  ci-anial  capsule  is  due  not  only  to  the  large 
size  of  the  roof  of  tlie  skull,  but  also  to  the  fnct  that  the  lateral  bones 
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of  the  skull  in  place  of  the  interorbital  septuui  extend  forward  mto 
the  ethmoid  i-egion.  Thus  it  happens  that  the  ethmoid  {lamiwi 
crihrosa)  constitutes  the  boundary  of  the  anterior  and  lower  part 
of  the  skull  (fig.  G68).  The  temporal  bones  also  take  an  essential 
part  in  bounding  the  cranial  cavity,  since  not  only  the  petrous  and  a 
part  of  the  mastoid/'^  but  also  the  large  squamosal  occupy  the  space 
remaining  between  the  alisphenoids  and  exoccipitals.  The  occipital 
always  articulates  with  the  first  cervical  vertebra  {atlas)  by  two 
condyles,  and  its  lateral  portions  (exoccipitals)  frequently  present  a 
pyramidal  process  on  each  side  {jugiclar  or  paramastoid  process). 
The  praesphenoid  and  basisphenoid  (fig.  668)  often  remain  separate 


Fig  668. — Merlian  longitudinal  section  of  sheep's  skull,  from  inside.  Ob,  Basi-occipital 
01,  exoccipital ;  Os,  supra-occipital ;  Pe,  petrous ;  Spb,  basi-sphenoid ;  Pn,  prse- 
sphenoid  ;  .^Zs,  alisphenoid  ;  Or»,  orbito-sphenoid ;  fn,  parietal ;  Fr,  frontal ;  S^,  frontal 
sinus  ;  Ji!ffi,  ethmoid  ;  JVa,  nasal ;  C,  ethmoturbinal ;  C;, inferior  tiirbinal ;  Pt,  pterygoid; 
Pal,  palatine  ;  T'o,  vomer  ;  M.t:,  maxillary  ;  Jwx,  preemaxillary. 

for  a  long  time.  To  the  latter  ai-e  applied  the  alisphenoids  -with  the 
parietals,  which  belong  to  this  region.  An  inteiparietal  is  often 
developed  behind  the  parietal ;  it  is,  however,  usually  ankylosed  with 
the  supra-occipital,  more  rai'ely  with  the  parietal.  The  frontal  bones 
constitute  the  roof  of  the  skull  in  the  i-egion  of  the  orbitosphenoids ; 
they  are  less  frequently  fused  than  are  the  parietals.  The  tempoi-al 
bone  has  several  constituents — (1)  The  petrous  portion,  which  is 
composed  of  the  three  pieces  of  the  periotic  capsule — the  pro-,  opistho-r 
and  epiotic ;  (2)  the  mastoid  portion,  which  is  a  part  of  the  epiotic; 

(3)  the  squamous,  portion  or  squamosal,  which  is  a  larger  bony  scale ; 

(4)  the  tympanic  bone,  which  is  attached  to  the  squamosal,  bounds 

*  [The  petrous  and  mastoid  together  constitute  the  periotic.] 
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the  external  auditory  meatus,  and  is  frequently  dilated  to  a  projecting 
capsule  (tympanic  bulla),  Postfrontals  are  absent.  The  perforated 
cribriform  plate  {lamina  crihrosa)  of  the  ethmoid  forms  the  anterior 
boundary  of  the  ci'anial  cavity.  In  the  Apes  and  Man  only,  do  the 
lateral  parts  of  the  ethmoid  (the  part  known  as  lamina  papyracea) 
take  pai't  in  the  formation  of  the  inner  wall  of  the  orbit.  In  all 
other  cases  the  ethmoid  is  placed  in  front  of  the  orbit,  and  its  sides 
are  covered  by  the  maxillaries ;  in  such  cases  it  has  a  considerable 
longitudinal  extension.  Two  parts  may  be  distinguished  in  the 
ethmoid — (1)  A  median  plate — the  lamina  perpmdicularis — which 
is  continued  in  :^'ont  into  the  cartilaginous  internasal  septum,  and 
is  underlaid  by  the  vomer;  (2)  the  lateral  masses,  with  the  lamina 
crihrosa  and  the  labyi'inth  (ethmoidal  cells  and  the  two  upper  tur- 
binals);  the  first  corresponds  to  the  unpaired  ethmoid,  the  second  to  the 
praifrontals  of  the  lower  Vertebrates.  Finally,  in  the  anterior  part 
of  the  nasal  cavities  there  are,  as  independent  ossifications,  the  inferior 
turbinals  (maxillo-turbinals),  which  are  attached  to  the  inner  surfaces 
of  the  maxillary  bones.  On  the  outer  surface  of  the  ethmoid  region 
are  placed,  as  membrane  bones,  the  nasals  above  and  the  lachrymals 
to  the  sides.  The  lachrymal  (absent  as  an  independent  bone  in  the 
Pinnipedia  and  most  Cetacea)  is  placed  in  the  anterior  wall  of  the 
orbit ;  but  usually  also  appears  as  a  facial  bone  on  the  outer  surface. 

The  firm  fusion  of  the  maxillo-palatine  apparatus  with  the  skull 
and  the  relation  of  the  mandibular  suspensorium  to  the  tympanic 
cavity,  are  characteristic  of  the  Mammalia.  The  lower  jaw  articu- 
lates directly  with  the  temporal  bone  without  the  interposition  of  a 
quadrate,  the  morphological  equivalent  of  which  is  shifted,  in  the 
covirse  of  development,  into  the  tympanic  cavity  and  transformed 
into  the  incus,  while  the  upper  part  of  Meckel's  cartilage  (articulare 
of  the  lower  jaw)  becomes  the  malleus  (Reichert).  The  stapes,  on 
the  contrary,  is  said  to  be  developed  from  the  upper  piece  of  the 
hyoid  arch  (Jiyoviandibidar).  The  maxillary,  pteiygoid,  and  palatine 
bones  have  similar  relations  to  those  of  the  Chelonia  and  Crocodilia, 
but  a  quadratojugal  is  always  wanting,  since  the  jugal  is  applied  to 
the  squamosal.  A  palatal  roof  (hard  palate)  separating  the  buccal 
and  nasal  cavities  is  always  present ;  the  posterior  nares  open  at  its 
hind  end. 

The  cranial  capsule  is  so  completely  filled  by  the  brain  in  the 
Mammalia  that  its  internal  surface  presents  a  relatively  accurate 
impression  of  the  surface  of  the  brain.  Owing  to  the  considerable 
size  of  the  brain  the  cranial  capsule  is  far  more  spacious  than  in  any 
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Other  class  of  Vei-teln-ates ;  but  it  presents  great  variations  in  tlii« 
respect  in  the  individual  groups,  more  especially  with  regard  to  the 
development  of  the  face,  the  prominence  of  which  in  general  varies 
inversely  with  the  development  of  the  intellectual  faculties  (Camper's 
facial  angle).  The  hyoid  bone  is  reduced  to  a  transverse,  bridge-like 
piece  (body  of  the  hyoid),  with  two  pairs  of  cornua.  "In  MycaUs  it 
is  largely  developed  and  excavated. 

The  vertebral  column,  except  in  the  Cetacea,  is  di\aded  into  five 
regions,  viz.,  cervical,  thoracic,  lumbar,  sacral  and  caudal  (fig.  669). 
In  the  aquatic  Cetacea,  which  are  mthout  hind  limbs,  the  lumbar 


Fig  669.—  Skeleton  of  the  Lion  (after  Giebel;  Bronn's'Classen  uad  Ordnungen).  St,  slemiun: 
Sc,  scapula;  S,  humerus;  B,  radius;  ulna;  Q),  carpus;  Mc,  metacarpus ;  J"/,  ilium ; 
P,  pubis;  Js,  ischium;  Fe,  femur;  T,  tibia;  F.  fibula;  P,  patella;  Ts,  tarsus;  Mt, 
metatarsus ;  C,  calcaneum. 

region  passes  gradually  into  the  caudal;  on  the  othei-  hand  the 
cervical  region  is  strikingly  shortened,  and  the  fusion  of  its  anterior 
vertebr£e  renders  it  ligid  and  immovable.  The  vertebral  bodies  aie 
only  exceptionally  (neck  of  Ungulates)  connected  by  articular  sur- 
faces, but  are  usually  joined  by  elastic  discs  (intervertebral  ligaments). 
The  first  cervical  vertebra  (atlas)  is  a  bony  ring  yviih  broad,  wing-like, 
ti-ansverse  processes,  on  the  articular  surfaces  of  Avhich  the  t^^-o 
occipital  condyles  rest  and  permit  of  the  head  being  raised  and 
depressed.  The  turning  of  the  head  to  the  right  and  left  is  effected 
by  the  movement  of  the  atlas  about  a  median  process — the  odontoid 
process — of  the  next  vertebra,  which  is  called  the  axis  {epistrop/iem). 
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This  process  corresponds  morphologically  to  the  centrum  of  the  atlas, 
\\-hich  is  separated  from  the  latter  iuid  joined  to  the  centrum  of  the 
axis. 

The  dorsal  vertebrte  are  characterised  by  high,  crest-like,  spinous 
processes,  and  by  the  possession  of  ribs.  The  anterior  ribs  are 
attached  by  cartilage  to  the  sternum,  which  is  usually  elongated  and 
composed  of  a  number  of  bony  pieces  arranged  one  behind  another ; 
the  posterior  ribs  (the  so-called  "false  ribs")  do  not  reach  the 
sternum.  The  ribs  articulate  with  the  vertebrae  by  means  of  a 
capitulum  and  a  tuberculum.  While  the  number  of  cervical  vertebrae 
is  almost  constantly  seven,  that  of  the  doi-sal  vertebrae  is  subject  to  a 
gi-eater  variation.  As  a  rule  there  are  thirteen,  sometimes  twelve 
dorsal  vertebrae ;  but  there  is  a  less  number  in  some  Bats  and  Arma- 
dillos, while  there  are  Mteen  or  more  in  some  animals.  The  Horse 
has  eighteen,  the  Rhinoceros  and  Elephant  nineteen  to  twenty,  and 
the  three-toed  Sloths  have  twenty-three  to  twenty-four.  The  lumbar 
vertebrae,  which  have  long  lateral  processes  in  place  of  ribs,  are 
usually  seven  in  number.  The  number  rarely  sinks  to  two  as  in 
Ornithorhynclms  and  the  two-toed  Anteaters,  and  still  more  rarely 
rises  to  eight  or  nine  {Steno2Js).  The  sacral  vertebrae,  which  vary  in 
number  from  two  (Marsupials)  to  four,  more  rarely  nine  (Armadillo), 
are  firmly  united  with  one  another,  and  by  their  transverse  processes 
(with  the  rudiments  of  the  ribs)  with  the  iliac  bones.  The  caiidal 
vertebrae,  which  vary  considerably  in  number  and  mobility,  become 
narrower  towards  the  end  of  the  axis  of  the  body,  and  often 
(Kangaroo  and  Anteaters)  possess  inferior  spinous  processes  ;  but  all 
the  processes  become  less  and  less  conspicuous  towards  the  posterior 
extremity. 

The  anterior  pair  of  extremities  is  never  absent.  The  clavicle  is 
absent  when  the  anterior  limbs  serve  only  for  the  support  of  the 
anterior  part  of  the  body  in  locomotion,  or  perform  simple,  pendulum- 
like movements,  as  in  swimming,  walking,  running,  jumping,  etc., 
(Whales,  Ungulates,  Carnivora).  Otherwise  the  scapula  is  connected 
with  the  sternum  by  a  more  or  less  strong,  rod-shaped  clavicle.  The 
coracoid  is  almost  always  reduced  to  the  coracoid  process  of  the 
scapula ;  in  the  Monotremata  only  is  it  a  large  bone  which  reaches 
the  sternum.  The  posterior  extremities  are  more  firmly  connected 
with  the  body  than  are  the  anterior.  In  the  Whales  alone  is  the 
pelvic  girdle  rudimentary,  and  is  represented  by  two  rib-like  bones 
which  are  quite  loosely  connected  with  the  vertebral  column.  In  all 
other  Mammals  the  pelvic  girdle  is  fused  with  the  lateral  parts  of 
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the  sacrum,  and  is  closed  ventmlly  by  the  symphysis  of  the  pubis 
and  sometimes  also  of  the  ischium.  The  appendages  articulated  to 
the  pectoral  and  pelvic  girdles  are  considerably  shortened  in  the 
swimming  Mammalia,  and  either  constitute,  as  in  the  Cetacea,  flat 
fins,  the  bones  of  which  are  immovable  upon  one  another  (in  the 
Sirenia  there  is  a  joint  at  the  elbow),  and  in  which  there  are  a  great 
number  of  phalanges,  or,  as  in  the  Pinnipedia,  have  the  form  of 
fin-like  legs,  which  can  also  be  used  in  locomotion  on  land.  In  the 
Cheiro2)tera  (Bats),  the  anterior  legs  present  a  large  surface  in  con- 
sequence of  an  expansion  of  the  integument  {patayiwni)  uniting  the 
fore-limbs  with  the  sides  of  the  body,  and  extended  between  the 
elongated  fingers.  The  fins  of  the  Cetacea  and  the  wings  of  the 
Cheiroptera  are,  with  the  exception  of  the  thumb  of  the  latter  which 
projects  from  the  patagium  and  bears  a  claw,  without  nail-like 
structures. 

In  the  land  Mammalia  the  extremities  present  considerable  varia- 
tions both  in  their  length  and  special  structure.    The  length  of  the 
tubular  humerus  in  general  varies  inversely  with  that  of  the  metar- 
carpus  of  the  anterior  extremity.    The  radius  and  ulna  in  the  fore- 
limb  and  the  tihia  and  fibula  in  the  hind-limb  are  almost  alwavs 
longer  than  the  humerus  and  femur  respectively.    The  ulna  forms 
the  hinge- joint  of  the  elbow,  and  is  prolonged  at  this  point  into  a 
process  called  the  olecranon ;  the  radius,  on  the  other  hand,  is  con- 
nected with  the  carpu.s,  and  can  often  be  rotated  round  the  uLaa 
[pronation,  supination);  in  other  cases  it  is  fused  with  the  ulna, 
which  then  constitutes  a  rudimentary,  styliform  rod  as  far  as  the 
articular  process.    In  the  hind-limb  the  knee-joint  projects  forwards, 
and  is  usually  covered  by  a  knee-cap,  the  patella ;  the  fibula  is  some- 
times (Marsupials)  movable  on  the  tibia,  but  as  a  rule  these  tAvo 
bones  are  fused,  and  the  fibula  which  is  placed  posteriorly  and 
externally  is  usually  reduced.    The  variations  in  the  terminal  parts 
of  the  limbs  are  far  more  slx^iking  (fig.  670).    The  number  of  digits 
is  never  greater  than  five,  and  is  often  less.    The  digits  disappear  in 
the  following  order :  firs',.,  the  inner  digit  or  thumb  (digit  No.  1 ), 
which  is  composed  of    Iavo  phalanges,  becomes  rudimentary  and 
vanishes ;  then  the  small  outer  digit  (digit  No.  5)  and  the  second 
inner  digit  (digit  No.  2)  ai-e  i-educed,  sometimes  remaining  on  the 
posterior  surface  of  the  foot  (Ruminants)  as  small  accessory  claws 
which  do  not  reach  the  ground,  or  totally  vanish.    Finally  the 
second  external  digit  (No.  4)  is  reduced  or  absent,  so  that  the  middle 
digit  alone  remains  for  the  support  of  the  limb  (horse). 
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This  gradual  reduction  of  the  digits  is  accompanied  by  a  simplifica- 
tion and  alteration  of  the  carpal  and  tarsal,  metacarpal  and  metiitar- 
sal  bones;  the  metacarpals  (metatarsals)  of  the  rudimentary  or  absent 
tUgits  are  reduced  to  styliform  bones  or  are  entirely  absent,  while 
the  two  middle  metacarpals  (metatarsals)  (3  and  4)  are  often  united 
to  form  a  strong  and  long  tubular  bone.  The  small  carpal  and 
tarsal  bones  which  are  employed  in  the  formation  of  the  foot-joint, 
and  serve  essentially  to  diminish  the  shock  produced  by  the  move- 
ments of  the  limbs  when  used  in  locomotion,  are  arranged  usually  in 
two,  sometimes  in  three  rows ;  in  the  tarsus,  two  bones — the  astra- 
cjcdus  and  calcaneum — are  usually  much  larger  than  the  rest.  The 


Fig.  670.— Skeleton  of  hand  of— «,  orang ;  I,  clog  ;  c,  pig;  d,  ox  ;  e,  tapir  ;/,  liorse  (i,  e,  d, 
after  Gegenbaur).  i2,  radius;  V,  ulna;  A,  scaphoid;  S,  semi-lunar;  C,  iriquetrum 
(cuneiform);  D,  trapezium;  trapezoid;  F,  capitatum  (magmun);  ff,  hamatum  (unci- 
form); P,  pisiform;  C,  centrale  carpi;  M,  metacarpus. 

digits  of  the  anterior  foot  may  be  called  fingers  after  the  analogy  of 
the  human  hand.  The  anterior  foot  becomes  a  hand  when  the  inner 
finger  or  thumb  is  opposable.  The  great  toe  of  the  posterior  foot  is 
also  sometimes  opposable,  but  the  foot  does  not  on  this  account 
become  a  hand,  but  only  a  prehensile  foot  (Apes) ;  for  the  hand  is 
characterised  by  the  special  arrangement  of  the  carpal  bones  and 
muscles.  According  to  the  manner  in  which  the  foot  rests  on  the 
ground  in  movement,  animals  are  distinguished  as  plantigi-ades, 
digitigivades  and  unguligrades.  In  the  last  case  the  number  of  digits 
and  metacarpals  (and  metatarsals)  is  reduced,  and  the  limb  is  much 
elongated  by  the  transfoimation  of  the  metacarpal  (metatarsal)  bone 
into  a  long  tubular  bone. 
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The  nervous  system  (fig.  671)  is  characterised  by  the  size  and  high 
development  of  the  brain,  the  hemispheres  of  which  are  so  large  that 
they  not  only  fill  the  anterior  part  of  the  cranial  cavity,  Imt  e\-eii 


Fig.  671.— Brains  of  Mammalia,  a.  Brain  of  rabbit,  from  above  ;  the  roof  of  the  right  hemi- 
sphere is  removed  so  as  to  expose  the  lateral  ventricle,  h,  The  same  from  below,  c, 
Brain  of  cat ;  on  the  right  side  the  lateral  and  posterior  pai-t  of  the  hemisphere  is 
removed,  and  almost  as  much  on  the  left  side,  and  the  gi-eater  part  of  the  hemispheres 
of  the  cerebellum  have  been  removed,  d.  Brain  of  orang  («,  6,  c,  after  Gegenbaur ;  d, 
from  the  regne  animal).  Vh,  cerebral  hemispheres;  Mh,  conms  quadrigeminum ;  Cb, 
cerebelliun;  il/o,  (medulla  oblongata;  Lo,  olfactory^  lobe ;  II,  optic  nerve;  T  iV',  tri- 
geminal; VII  VIII,  facial  and  auditory  nerves;  S,  hypophysis  cerebri;  TA,  optic 
thalamus ;  Sr,  sinus  rhomboidalis. 

partly  cover  the  cerebellum.  In  the  Marsupials  and  Monotremes 
the  surface  of  the  hemispheres  is  still  smooth  ;  but  in  the  Edentates, 
Rodents,  and  Insectivores  it  is  marked  by  depressions  and  ridges, 
which  in  the  higher  forms  become  regular  furi-ows  {sidci)  and  convo- 
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lutions  {yyri).  A  commissure  {coiyus  callosum)  connecting  the  two 
hemispheres  is  well-developed,  and  rudimentary  onl}'  in  the  A2)lci.- 
centalia.  On  the  othei-  hand  the  optic  lobes,  which  are  known  as 
the  corpora  quadriyemina,  and  are  the  equivalents  of  the  corpora 
bif/emina  of  the  lower  forms,  are  reduced  in  size,  and  are  in  great 
part  or  entirely  covered  by  the  posteiior  lobes  of  the  hemispheres. 
The  pituitary  body  {]iypo2Jhysis)  and  the  pineal  gland  are  never 
absent.  The  cerebellum  in  the  Aplacentalia  resembles  that  of  the 
bu-ds  in  the  disproportionate  development  of  its  median  lobe.  There 
ai-e,  however,  numerous  intermediate  stages  between  such  a  cere- 
bellum and  a  cerebellum  in  which  the  lateral  lobes  are  largely 
developed.  The  pons  Varolii  also  is  little  developed  in  the  lower 
forms,  but  in  the  higher  Mammals  is  increased  to  a  large  swelling 
at  the  point  where  the  brain  is  pi'olonged  into  the  spinal  cord.  The 
twelve  cranial  nerves  are  completely  separated.  The  spinal  cord 
usually  extends  only  as  far  as  the  sacral  region,  where  it  ends  with 
a  Cauda  equina  ;  there  is  no  posterior  rhomboidal  sinus. 

Sense  organs. — The  olfactory  organ  presents,  on  account  of  the 
complication  of  the  ethmoidal  labyrinth,  a  greater  development  of 
the  olfactoiy  mucous  membrane  than  in  any  other  class.  The  two 
nasal  cavities,  which  are  separated  by  the  median  septum,  often 
communicate  with  spaces  in  the  neighbouring  cranial  and  facial  bones 
(sinus  frontales,  splienoidales,  maxillares),  and  open  externally  by 
paired  apertures ;  in  the  Cetacea,  which  have  no  sense  of  smell,  the 
latter  may  be  fused  to  form  a  median  opening  [Delphinidw).  In 
this  case  the  nasal  passages  serve  only  as  air-passages.  The  nasal 
openings  are,  as  a  rule,  supjjorted  by  movable  cartilaginous  pieces, 
which  in  some  cases  are  largely  developed  and  lead  to  the  formation 
of  a  proboscis,  which  is  used  as  a  burrowing  and  tactile  organ,  and 
when  greatly  developed  (Elephant)  as  a  prehensile  organ.  In  the 
di\-ing  Mammals  the  jiasal  apertures  can  be  closed  by  muscles 
{Phocido})  or  by  valvular  apparatuses.  A  nasal  gland  is  often  present 
on  the  external  wall  of  the  nares,  or  in  the  cavity  of  the  itpper  jaw 
{maxillary  sinus).  The  olfactory  nerve  is  distributed  as  in  the  Birds 
on  the  superior  turbinal  bones,  and  on  the  upper  parts  of  the  nasal 
septum.  The  internal  nares  are  always  paii-ed  and  open  into  the 
pharynx,  far  back  at  the  end  of  the  soft  palate. 

The  eyes  (vol.  i.,  fig.  88)  present  various  degrees  of  development ; 
they  are  always  small  in  the  Mammals  which  live  beneath  the  earth, 
and  in  some  cases  {S2Jalax,  Chrysochloris)  are  quite  hidden  beneath 
the  skin,  and  are  incapable  of  receiving  luminous  impressions.  They 


284 


MAMMALIA. 


are  usually  placed  at  the  sides  of  the  head  in  an  incompletely  closed 
orbit  (continuous  Avith  the  temporal  fossa).  As  a  rule,  etich  eye  has 
a  separate  field  of  vision ;  a  convergence  of  the  optic  axes  is  only 
possible  when  the  eyes  are  placed  on  the  front  of  the  head  (Primates). 
Besides  the  upper  and  lower  eyelids  there  is  an  internal  nictitating 
membrane  (with  the  Harderian  gland),  which  is,  however,  not  fully 
developed,  and  is  without  the  muscular  apparatus  of  the  Birds' 
nictitating  membrane ;  it  is  sometimes  reduced  to  a  small  rudiment 
(plica  semilunaris)  at  the  inner  corner  of  the  eye.  The  eyeball  is 
more  or  less  spherical  (in  the  Cetacea,  etc.,  with  shortened  axis),  and 


Fig.  672. — The  hivmau  ear  (combined  representation)  with  view  of  the  tympanic  membrane 
from  the  tymjoanic  cavity.  Ge,  External  auditory  meatus ;  T,  membrana  tympani :  Ct 
tympanic  cavity ;  Eu,  Eustachian  tube ;  M,  malleus ;  J,  incus ;  St,  stapes  closing  the 
fenestra  ovalis  (Fo)  ;  Fr,  fenestra  rotunda;  V,  vestibule;  C,  cochlea;  S,  semicircular 
canals. 

can  often  be  retracted  into  the  orbit  by  a  retractor  hulbi.  The 
lachrymal  gland  with  its  duct,  which  opens  into  the  nasal  ca\aty, 
lies  on  the  upper  and  outer  side  of  the  orbit.  The  choroid  has  a 
tajntum  in  the  Carnivores,  Pinnipedes,  Dolphins,  Ungulates,  and 
some  Marsupials, 

The  auditory  organ  (fig.  672,  and  fig.  578,  iii.)  difiers  from  that 
of  the  bird  principally  in  the  more  complicated  development  of  the 
external  ear,  in  the  greater  number  of  sound-conducting  bones  (stapes, 
incus,  malleus),  and  in  the  form  of  the  cochlea,  which  is  usually 
coiled  into  two  or  three  spiral  passages.  The  tympanic  cavity  is  also 
more  spacious,  and  is  by  no  means  always  confined  to  tlie  space 
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enclosed  by  the  tympanic  bone  which  often  projects  like  a  vesicle 
(tympanic  bulla),  but  is  in  commvinication  vnth  cavities  in  the  neigh- 
bouring cranial  bones.  The  tympanic  cavity  is  largest  in  the  Cetacea, 
in  which  the  sound  is  not  transmitted,  as  in  the  terrestrial  animals,' 
by  the  t}Tnpanic  membrane  and  the  auditory  ossicles  to  the  fenestiu 
ovalis  of  the  vestibule,  but  is  conducted  mainly  by  means  of  tlie 
bones  of  the  head  through  the  air  of  the  tympanic  cavity  to  the 
fenestra  (/.  7'otunda)  of  the  unusually  large  cochlea,  and  thence  by 
the  perilymph  of  the  scala  tympani.  The  three  semicircular  canals, 
with  the  vestibule  and  cochlea,  are  very  firmly  embedded  in  the 
petrous  bone,  which  in  the  Cetacea  is  only  connected  by  ligaments 
Avith  the  neighbouring  bones.  The  Eustachian  tubes  open  in  the 
Cetacea  alone  into  the  nasal  passages,  in  all  other  Mammals  into  the 
pharynx.  An  extei-nal  eai-  [j)inna)  is  wanting  in  the  Monotremes, 
many  Pinnipedes,  and  in  the  Cetacea,  in  which  the  external  meatus 
outside  the  convex  tympanic  membrane  is  represented  by  a  solid 
cord ;  it  is  rudimentary  in  the  aquatic  .animals  which  are  able  to 
close  the  external  opening  of  the  ear  by  a  valvular  apparatus,  and  in 
the  burrowing  Mammalia.  In  all  other  cases  it  consists  of  a  veiy 
variously-shaped  external  appendage,  supported  by  cartilaginous 
pieces  and  usually  moved  by  special  muscles. 

The  sense  of  touch  is  mainly  located  in  the  skin  of  the  ends  of  the 
extremities  (tactile  corpuscles  on  the  tips  of  the  fingers  and  on  the 
surface  of  the  hand  of  Man  and  the  Apes);  also  on  the  tongue, 
proboscis,  and  lips,  in  which  long  bristle-like  tactile  hairs  (vibrissce), 
embedded  in  follicles,  ^dth  peculiar  nervous  ramifications,  are  very 
generally  present. 

The  sense  of  taste  has  its  seat  principally  at  the  root  of  the  tongue 
{papilke  circimivaUatoi,  compare  fig.  89,  vol.  i),  but  also  on  the  soft 
palate,  and  is  far  more  highly  developed  than  in  any  other  class  of 
animals. 

Dentition.— At  the  entrance  to  the  digestive  organs  the  jaws  are 
almost  always  armed  with  teeth.  Only  individual  genera— as 
Echidna,  Manis,  and  Myrmecophaga — are  entirely  without  teeth, 
while  the  whalebone  Whales,  which  bear  on  the  inner  surface  of 
the  palate  vertical  horny  plates  (whale-bone),  arranged  in  transverse 
rows  (fig.  673),  possess  teeth,  at  least  in  the  foetal  condition.  Horny 
teeth,  produced  by  hardening  of  papillaj  of  the  buccal  mucous  mem- 
brane, are  present  in  OrnitJwrhynchus  and  Rhytina. 

The  dentition  of  the  Mammalia  is  never  so  much  developed  as  that 
of  Fishes  and  Reptiles ;  and  the  teeth,  which  are  wedged  into  alveoli, 
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iiv&  contiried  to  the  maxillae,  piwmaxilhe,  and  mandible.  The  external 
part  of  the  tooth  {i.e.,  the  part  which  projects  from  the  gum,  and  is 
called  the  ci-own,  as  opposed  to  the  root)  is  covered  with  tlie  harder 
enamel,  which  consists  of  prisms  arranged  at  right  angles  to  the 
cavity  of  the  tooth  (pulp  cavity).  Two  kinds  of  teetli  may  be 
distinguished— (1)  Simple  teeth  {d.  simjylices),  in  which  the  layer  of 
enamel  forms  a  simple  cap ;  (2)  complicated  teeth  (d.  complicati),  in 
which  the  enamel  is  folded  and  penetrates  into  tlie  dentine.  When 
simple  or  complicated  teeth  are  connected  together  by  osseous  tissue 
(cement),  they  are  called  composite  teeth  (d.  comjyositi — Hare,  Ele- 
phant). Rarely,  and  only  in  those  cases  in  which  the  dentition  is 
used,  as  in  the  Crocodile,  as  a  prehensile  or  cutting  appai-atus,  are 
the  teeth  in  all  parts  of  the  jaws  alike,  having  the  form  and  function 


Fk!.  673. — Skull  o?  Balacna  iiii/gticetus  with  tlie  whalebone  (regne  animal). 


of  prehensile  conical  teeth  (Dolphin).  As  a  rule,  they  are  distin- 
guished according  to  their  position  in  the  anterior,  lateral,  and 
posterior  parts  of  the  jaw  as  incisors,  canines,  and  grinders  (back 
teeth).  The  incisors  are  chisel-shaped,  and  serve  to  cut  the  food; 
in  the  upper  jaw  they  belong  exclusively  to  the  prtemaxillary  bones. 
The  canines,  which  are  placed  to  the  sides  of  the  incisors,  one  in  each 
half  of  the  jaw,  are  conical  or  hooked,  and  serve  principally 
as  weapons  for  attack  and  defence ;  not  unfrequently,  however 
they  are  absent  (Euminants,  Rodents),  and  there  Ls  a  wide  gap 
(diastema)  between  the  incisors  and  the  grinders.  The  latter  are 
specially  adapted  for  the  finer  mastication  of  the  food,  and  their 
crowns  are  iisually  provided  with  a  tuberculated  or  grinding  surface. 
The  teeth  either  last  throughout  life,  and  the  dentition  is  not  renewed 
{Monophyodonta :  Edentates,  Cetaceans),  or  there  is  a  smgle  change 
of  teeth  {Diphyodonta)  (fig.  674).    In  the  latter  case  the  teeth  whicli  || 
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are  changed  constitute  the  milk  dentition.    The  anterior  grinders, 


which  with  the  incisors  and  canines  are  replaced,  are  known 
as  the  prcemolars,  as  opposed  to  the  posterioi-,  true  molars, 
which  belong  to  the  permanent  dentition,  and  are  not  replaced.  The 
true  molars  only  appear  after  the  milk  teeth  have  been  replaced,  and 
are  distinguished  by  the  size  and  number  of  their  roots,  as  well  as  by 
the  extent  of  theii*  crowns.  Formulte,  in  which  the  numbers  of 
incisors,  canines,  prsemolars,  and  molars  in  the  upper  and  lower  jaws 
are  given,  are  used  to  indicate  in  a  simple  manner  the  nature  of  the 
dentition,  e.g.,  the  dental  formula  of  man  is 


2  1 
2  1 


2-2  la 

■2^- 1-1 


2-2 


p.m.  —  m.  g:y^J. 

to  the  hard  structures  at  the 

C 


Alimentary  canal.     In  addition 
entrance   to   the  digestive  cavity, 
soft,  movable  hps  which  bound  the 
mouth  opening,  and  a  fleshy  tongue 
which  is  of  very  varioixs  form  and 
lies  on  the  floor  of  the  buccal  cavity, 
are  of  special  importance  for  the 
introduction  and  preparation  of  the 
food  (fig.  675).  In  the  Monotremata 
the  lips  are  replaced  by  the  edges  of 
the  beak.    The  tongue,  however,  is 
never  absent,  but  it  may  be  im- 
movable, and  completely  fused  with 
the  floor  of  the  mouth,  as  in  the 
Whales.    Its  front  part  is  mainly 
tactile  in  function,  but  in  some  cases 
it  is  used  to  seize  (Giraffe)  or  capture  food  (Ant-eaters).  Variously 
shaped  papillre,  which  are  often  cornified  and  bear  recurved  hooks, 
project  from  its  upper  surface.    The  papillcB  circumvaUatm  alone  have 
a  relation  to  the  sense  of  taste.    The  tongue  is  supported  by  the  hyoid 
bone  and  by  a  cartilaginous  rod,  which  represents  the  os  interglosmm 
{Lytta).    The  anterior  cornua  of  the  hyoid  are  attached  to  the 
styloid  processes  of  the  temporal  bone,  the  posterior  bear  the  larynx. 
Beneath  the  tongue  there  is  sometimes  (most  developed  in  the 
hisectivora)  a  single  or  double  projection,  which  is  termed  the  lower 
tongue.    The  sides  of  the  buccal  cavity  are  soft  and  fleshy,  and  are 
not  infrequently  in  the  Rodents,  Apes,  etc.,  dilated  into  Avide  sacs,— 
the  so-called  cheek-pouches.  The  soft  palate  {palatum  molle)  must  be 
mentioned  as  a  sti-ucture  peculiar  to  the  Mammalia  ;  it  constitutes 


Fig.  674.— Dentition  of  Cehm  (while 
chanofino-  the  teeth)  after  Owen,  i, 
lucisors ;  f,  Canines  ;  -pX  p2  p3,  Prte- 
molars  of  the  milk  dentition ;  Jl  J2 
Incisors  ;  C,  Canine ;  PI  P2  ^3,  Pre- 
molars of  the  permanent  dentition 
Ml  M2  M3,  Molars. 
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the  boundary  between  the  buccal  cavity  and  pharynx.  All  Mammals, 

with  the  exception  of  ilie  carnivorous  Cetacea,  have  salivary  glands,  

a  parotid,  a  submaxillary,  and  a  sublingual,— the  fluid  secretion  of 


Fig.  675.-  Entrance  to  the  digestive  apparatus  and  the  respiratory  organs  of  the  Cat  (after 
C.  Heider) .  a,  head  with  exposed  saUvary  glands.  P,  Parotid ;  M,  Sub-maxillary ;  Sv, 
Sub-lingual,  h.  Longitudinal  section  through  the  Head  and  Thorax ;  the  Respiratory 
organs  are  seen  from  the  side.  N,  Nasal  aperture ;  Nm,  Turbinal  bones  ;  M,  Mouth ;  Z, 
TonoTie;  Pa,  Velum  palati;  Oe,  Oesophagus  ;  i,  Larynx;  ^,  Epiglotti.s  ;  Zft.Hyoid;  Tr, 
Trachea;  P,  Lung;  D,  Diaphragm;  T,  Thyroid;  B,  Thymus;  Tu,  Opening  of 
Eustachian  tube  into  the  Pharynx;  M,  Cerebral  hemispheres;  C,  Corpus  callosum; 
Cp,  Corpora  quadrigemina ;  Cb,  Cerebellum;  B,  Spinal  cord;  Hy,  Hypophysis;  W, 
Vertebral  column  ;  St,  Sternum,  c,  Longitudinal  section  through  the  Larynx  (i)  and 
the  fii-st  part  of  the  Trachea  {Tr).  S,  Vocal  cord ;  E,  Epiglottis. 

which  is  poured  out  in  large  quantities,  especially  in  the  HerUrora. 
The  oesophagus,  which  follows  the  wide  gullet,  only  exceptionally 
presents  crop-like  dilations ;  it  is  usually  of  considerable  length,  and 
opens  into  the  stomach  behind  the  diaphragm  (vol.  i.,  fig.  50).  The 
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.stomach  is,  as  a  rule,  a  simple  transversely  placed  sac,  but  is 
frequently  divided  by  the  gradual  differentiation  and  constriction  of 
its  anterior,  lateral,  and  posteiior  regions  into  a  number  of  parts, 
which  are  most  completely  separated  in  the  Ruminants  and  distin- 
guished as  four  separate  stomachs.    The  pyloric  i-egion  is  principally 
distinguished  by  the  presence  of  gastric  glands,  and  is  more  or  less 
sharply  separated  from  the  beginning  of  the  small  intestine  by  a 
sphincter  muscle  and  by  an  inwardly  projecting  fold  (j)yloriG  vcdve)^ 
The  intestine  is  divided  into  a  small  and  a  large  intestine,  the 
boundary  between  which  is  indicated  by  the  presence  of  a  valve  and 
a  caecum,  which  is  especially  developed  in  herbivorous  animals.  The 
anterior  part  of  the  small  intestine,  or  duodenum,  contains  the  so- 
called  Brunner's  glands  in  its  mucous  membrane,  and  receives  the 
secretion  of  the  large  liver  and  of  the  pancreas.    The  liver  is  multi- 
lobed,  and  is  sometimes  without  a  gall  bladder.   When  a  gall  bladder 
is  present  the  bile  duct  {d.  cysticus),  and  the  hepatic  duct  {d.  hejyaticus) 
unite  to  form  a  common  duct  (d.  choledochus).    The  small  intestine  is 
longest  in  animals  which  eat  grasses  and  leaves,  and  is  characterised 
by  the  numerous  folds  {valvules  conniventes)  and  villi  of  its  mucous 
membrane,  and  by  the  possession  of  a  great  number  of  groups  of 
glands  (Lieberkiihn's,  Peyer's  glands).    The  terminal  region  of  the 
large  intestine  or  rectum  opens,  except  in  the  Monotremata  which 
are  characterised  by  the  possession  of  a  cloaca,  behind  the  urogenital 
opening,  though  the  two  openings  are  sometimes  surrounded  by  a 
common  sphincter  {Marsiqncdia). 

The  heart  (tig.  676)  of  Mammalia,  like  that  of  Birds,  is  divided 
into  a  right  venous  and  a  left  arterial  portion,  each  with  a  ventricle 
and  auricle  (sometimes  as  in  Hcdicore  the  division  is  marked  exter- 
nally). It  is  enclosed  in  a  pericardium,  and  sends  off  an  arterial 
trunk,  which  forms  a  left  aortic  arch,from  which  two  vessels  frequently 
arise,  viz.,  (1)  a  right  anonyma,  Avith  the  two  cai-otids  and  rio-ht 
subclavian  ;  and  (2)  the  left  subclavian  ;  or,  as  in  man,  three  vasciilar 
trunks,  viz.,  (1)  a  right  anonyma,  with  the  right  carotid  and  right 
subclavian;  (2)  the  left  carotid ;  and  (3)  the  left  subclavian,  all  close 
to  one  another.  As  a  rule,  a  superior  and  an  inferior  vena  cava  open 
into  the  right  auricle  ;  more  rarely,  as  in  the  Rodents,  Monotremes, 
and  Elephants,  there  are  two  superior  vena  cavse.  Retia  mirahilia 
have  been  recognised  principally  for  the  arterial  vessels,  and  are 
found  on  the  extremities  of  burrowing  and  climbing  animals  {Steno2}s, 
MyrmecopJiaga,  Brady  pus,  etc.) ;  on  the  carotids  round  the  hypo- 
phvsis,  and  on  the  ophthalmic  arteries  in  the  orbit  in  Ruminants  • 
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finally  on  the  intercostal  arteries  and  the  ilinc  veins  of  the  Dolpliin. 
A  renal-portal  system  is  always  absent. 

The  lymphatic  system  is  provided  with  numerous  lymphatic 
glands,  and  its  main  trunk  {ductus  thoracicus),  which  is  placed  on 

the  left,  opens  into  the 
supei'ior  vena  cava. 

Of  the  so-called  vascular 
glands  the  spleen,  the  thy- 
mus, and  the  thyroid,  which 
Ypu  is  especially  developed  in  the 
young,  are  very  generally 
present  (fig.  675), 

The  paired  lungs  (tig.  675) 
are  freely  suspended  in  the 
thoracic  cavity,  and  are  dis- 
tinguished by  the  numei'ous 
ramifications  of  thebroncliial 
tubes,  the  finest  branches  of 
which  end  with  conical,  fun- 
nel-shaped dilatations  {^In- 
fundihulti),  which  are  pro- 
vided on  their  lateral  surfaces 
with  swellings.  Respiration 
is  mainly  effected  by  the 
movements  of  the  diaphi-agm, 
which  forms  a  complete, 
tisually  transversely  placed, 
septum  between  the  thoracic 
and  abdominal  cavities :  by 
the  conti-action  of  its  mus- 
cular parts  it  acts  as  an  in- 
spiratory muscle  ;  that  is,  it 
dilates  the  thoracic  cavity. 
The  elevation  and  depression 
of  the  libs  also  have  an  effect 
in  dilating  the  thorax.  The 
trachea  is,  as  a  rule,  straight,  without  coils,  and  divides  at  its  lower 
end  into  two  bronchi  leading  to  the  lungs.  There  may  be,  in  addition, 
a  small  accessory  bronchus  on  the  right  side.  The  trachea  is  supported 
by  cartilaginous  half -rings  which  are  open  behind,  and  only  excep- 
tionally by  complete  rings  of  cartilage.    The  first  part  of  the  trachea, 


Fio.  676.  —Circula.toi'y  apparatus  of  Man  (from  Owen 
after  AUeu  Thomson).  Vd,  Right  Ventricle  ;  Vs, 
left  Ventricle  ;  Ad,  right  Auricle  ;  As,  left  Am-icle  ; 
Ao,  Aortic  arch  ;  Aod,  descending  Aorta ;  Cd,  right 
Carotid ;  Cs,  left  Carotid ;  Sd,  right  subclavian 
Artery  ;  Sn,  left  subclavian  Artery ;  M,  Mesenteric 
Artery;  Jl,  common  Iliac  Artery;  Va,  inferior 
Vena  Cava ;  Vd,  superior  Vena  Cava ;  JV,  common 
Iliac  vein;  Ky*,  Vena  portal ;  Jf?,  right  Jugular; 
Ja,  left  Jugular ;  Svd,  right  subclavian  Vein ; 
Svs,  left  subclavian ;  Ap,  pulmonary  Artery ;  Vpit, 
pulmonary  Vein ;  Tr,  Trachea  ;  Br,  Bronchi ;  P, 
Lungs  ;  L,  iiver ;  iV,  Kidney  ;  B,  Intestine. 
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or  larynx,  is  placed  at  the  lower  end  of  the  pharynx,  behind  the  root 
of  the  tongue ;  it  is  supported  by  the  posterior  horns  of  the  hyoid 
bone,  possesses  lower  vocal  cords,  complicated  pieces  of  cartilage 
(cricoid,  thyroid,  and  arytenoid  cartilages)  and  muscles,  and  consti- 
tutes a  vocal  organ. 

In  the  Cetacea  alone  is  the  larynx,  which  projects  in  the  base  of  the 
pharynx  as  fai-  as  the  posterior  nares,  used  exclusively  for  respira- 
tion. A  movable  epiglottis  (almost  tubular  in  the  Cetacea),  attached 
to  the  upper  edge  of  the  thyroid  cartilage,  projects  over  the  glottis. 
When  food  is  being  swallowed  it  sinks,  and  closes  the  glottis.  Acces- 
sory cavities,  with  membranous  or  cartilaginous  walls,  are  sometimes 
attached  to  the  larynx.  These  sometimes  function  as  aii'  reservoirs, 
e.g.,  the  air-sacs  of  Balmna,  sometimes  as  a  resonating  apparatus  for 
the  strengthening  of  the  voice,  as  in  many  Monkeys  {Mycetes). 

The  kidneys  (fig.  677)  still  sometimes  consist  (Seals,  Dolphins)  of 
numerous  lobes  united  together  at  the  pelvis  of  the  kidney.  As  a 
rule,  however,  they  are  compact  bean-shaped  glands,  lying  in  the 
lumbar  region,  outside  the  peritoneum.  The  ureters  arise  from  the 
so-called  pelvis  of  the  kidney,  and  always  open  into  a  urinary  bladder, 
placed  in  front  of  (ventral  to)  the  intestine.  The  duct  of  the 
bladder,  or  urethra,  enters  into  a  more  or  less  close  relation  with  the 
ducts  of  the  generative  organs,  and  leads  into  a  sioius  or  lorogenital 
canal  opening  in  front  of  the  anus.  Above  the  kidney  there  is  a 
glandular  organ  termed  the  suprarenal  body. 

The  male   sexual   organs   (fig.  677)  of  most  Mammalia  are 
characterised  by  the  change  in  the  position  of  the  testes.    In  the 
Monotremata  and  Cetacea  alone  do  the  testes  remain  in  their  original 
position  near  the  kidneys,  in  all  other  cases  they  descend  in  front  of 
the  pelvis,  and,  pushing  the  peritoneum  before  them,  enter  the 
inguinal  canal  (many  Eodents),  or,  stiU  more  frequently,  pass  through 
the  inguinal  ctmal  into  a  double  cutaneous  fold,  which  is  transformed 
into  the  scrotum.    Not  unfrequently  (Rodents,  Bats,  Insectivores) 
they  pass  back  through  the  open  inguinal  canal  into  the  abdominal 
cavity  after  the  breeding  season  :  this  is  effected  by  the  cremaster,  a 
slip  of  muscle  separated  from  the  oblique  abdominal  muscle.  The 
scrotum,  as  a  rule,  lies  behind  the  penis  :  but  in  the  Marsupials 
it  is  formed  by  an  invagination  of  the  integument  directly  at  the 
entrance  of  the  inguinal  canal  in  front  of  the  male  copulatory  organ. 
The  coiled  excretory  ducts  of  the  testes,  which  are  derived  from  the 
Wolffian  body,  constitute  the  epididymis,  and  lead  into  the  two  vasa 
drferentia,  which,  after  forming  glandular  dilatations  (seminal  vesi- 
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cles),  open  close  together  into  the  urethra.  At  this  point  open  the 
duets  of  the  prostates,  which  differ  much  in  form,  and  are  often 
divided  into  sevenil  groups  of  glands.  Further  down  a  second  pair 
of  glands,  known  as  (>ov^pe7''s  ylands,  opens  into  the  urethra.  Re- 
mains of  the  Miillerian  ducts,  which  in  the  female  are  used  as  the 

oviducts,  frequently  persist 
between  the  openings  of  the 
vasa  deferentia.  They  are 
called  the  organ  of  Webei- 
(icterus  7ausculinu8),  and  in 
the  so-called  Hermaphrodites 
theii-  parts  are  much  en- 
larged, and  may  be  diffei'en- 
tiated  in  the  manner  peculijir 
to  the  female  sex.  In  all 
cases  the  end  of  the  urethra, 
which  functions  as  a  uro- 
genital canal,  is  in  connec- 
tion with  external  copulator}' 
organs :  these  always  have 
the  form  of  an  erectile 
2Jenis,  which,  in  the  Mono- 
tremata,  is  concealed  in  a 
pouch  in  the  cloaca.  The 
penis  is  supported  by  cavern- 
ous erectile  bodies,  which  in 
the  Monotremata  ai-e  con 
fined  to  pau-ed  corpora 
cavernosa  urethria  ;  but  in  all 
other  Mammalia  thei-e  are, 

Fig.  677.— Urinary  and  sexual  oro-aus  of  Crieetus  .{t^    addition   tO    the  COrjniS 

»«/^am  (after  Gegenbaur).      Kidney  ;  T  Ureter ;  urethra;  (c.  spoil- 

i^,  Urinary  bladder  ;  r,  Testis  ;i^,Fimiculussper-  COT6r/W6M-//t  o  t.  \  1 

maticus  (Spermatic  cord);  N,  Epididymis;  Vd,  giosuvt)  which  IS  unpaU'Cd 
Vas  deferens;  F»,  Vesicute  seminales;  Pr,  Pro-  o,„.vonnds  the  urethra, 

state  ;%  Urogenital  sinus  (Urethra)  ;(?e,Covvper's  and  bUllOUUas  tne  uietuia  , 

o-lauds ;  Gt,  Tyson's  glands  ;  Cp,  Corpora  caver-  upper  COrpOVa  cavemosa 

the  isoUum,  and  only  m.-ely  fuse  ,vith  one  a^iother.  A  carhlagmou.,, 
or  bony  support,  the  so^^Ued  os  fmis  (C«nuwm,  Rod.,Us)  ma> 
also  be  developed,  esp^ially  frequently 

formed  by  the  corpm  mvemosum  mthrw  (hg.  6|7).  ihe  0m - 
Zl  is  bifid  only  in  exceptional  cases  Mar„,,„.U). 
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varies  greatly  in  its  form,  and  lies  retracted  in  a  reduplication 
of  the  skin  {foreskin  or  prepicce)  which  is  richly  glandular  {gl. 
Ti/soniance). 

Female  sexual  organs.  The  ovaries  (fig.  678)  are  unsymmetrical 
only  in  the  Monotremata,  in  consequence  of  the  reduction  of  the  right 
ovary.  In  all  other  cases  they  are  equally  developed  on  either  side  ; 
they  are  placed  in  folds  of  the  peritoneum,  close  to  the  funnel-shaped 
dilated  mouths  of  the  oviducts,  by  which  they  are  sometimes  com- 

e 


Fig.  678. — Female  generative  organs,  a,  of  Ornithorhynchus  (after  Owen)  j  b,  of  Viverra 
genetta  ;  c,  of  Cercopithecus  iiemestrinus ;  Ov,  Ovary  ;  T,  Ovictact ;  U,  Uterus  ;  F,  Vagina ; 
H,  Urinary  bladder ;  Ur,  Ureter ;  M,  Mouth  of  Uterus ;  F,  opening  of  Ureter ;  S, 
urogenital  Sinus ;  SI,  Cloaca ;  D,  Intestine.  A  style  is  passed  through  the  opening 
of  the  latter  into  the  Cloaca. 


pletely  surrounded.  The  oviduct  is  divided  into  the  Fallopian  tube, 
which  is  always  paired  and  begins  with  a  free  ostium  ;  the  dilated  ^ 
sometimes  paired,  more  frequently  unpaired,  middle  portion — the 
uterus ;  and  the  terminal  part,  or  vagina,  which  is  unpaired,  except 
in  Marsupials,  and  opens  behind  the  opening  of  the  urethra  into  the 
.short  urogenital  sinus,  oi'  vestibule.  In  the  Monotremata  the  two 
tubular  uteri  open,  without  forming  a  vagina,  on  papilliform 
prominences  into  the  urogenital  sinus,  which  is  still  connected  vsdth 
the  cloaca  (fig.  678  a). 

According  to  the  different  degrees  of  duplicitv  of  the  uterus 
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(\yhen  a  vagina  is  present),  we  may  distinguisli  :  the  uterus  dujAex, 
mth  more  or  less  complete  external  separation  and  double  os 
uteri  (Rodents,  Marsupials);  the  uUrm  hiimrtituss,  with  f-ingle 
OS  uteri,  but  almost  complete  internal  partition  (Rodents);  the 
^t^ems  Ucornis  (fig.  078  h\  in  which  the  upper  parts,  or  horns  of  the 
uterus  ai-e  separate  ( Ungulata,  Carnivora,  C'etacea,  Insectivora) ;  and 
finally  the  uterus  simplex  (fig.  678  c)  with  single  cavity  and  very 
muscular  walls  {Primates). 

The  vestibule,  with  its  glands  of  Duvernoy  (Bartholin),  which 
correspond  to  the  Cowperian  glands  of  the  male,  is  separated  from  the 
vagina  by  a  constriction,  and  sometimes  also  by  a  fold  of  the  mucous 
membrane,  called  the  hymen.    The  external  generative  organs  consist 
of  the  labia  onajora  and  labia  minora,  at  the  sides  of  the  sexual 
opening,  and  of  the  clitoris.     The  labia  majora  are  two  external 
folds  of  skin,  and  are  equivalent  to  the  two  halves  of  the  scrotum  ; 
the  labia  minora  are  two  smaller  internal  folds,  and  are  not  always 
present.    The  clitoris  possesses  erectile  tissue  and  a  glans,  and  is  the 
equivalent  of  the  penis.  The  clitoris  may  sometimes  (as  in  Ateles)  reach 
a  considerable  size,  and  be  perforated  by  the  urethra  (Rodents,  Moles, 
Lemurs).    In  such  cases  of  perforated  clitoris,  there  is,  of  course,  no 
common  urogenital  sinus.     Morphologically,  the  female  genitalia 
represent  an  earlier  stage  of  development  of  the  male  organs,  which, 
in  the  cases  of  the  so-called  hermaphrodite  formation,  may  in  con- 
sequence of  arrest  of  development  preserve  a  more  or  less  female 
structure.     As  a  rule  the  two  sexes  are  easily  distinguished  by  the 
different  form  of  the  external  genei^ative  organs.    Frequently  there 
is  a  marked  dimorphism  in  the  whole  external  appearance ;  the 
male   being  larger,  having  a  different  hairy  covering,  beuig  pos- 
sessed of  a  louder  voice,  and  provided  with  stronger  teeth  or  special 
weapons  (horns).    On  the  other  hand,  the  milk  glands,  which  are 
situate  in  the  inguinal  region,  on  the  abdomen,  and  on  the  thorax, 
and  which  almost  always  project  into  teats  or  nipples,  are  rudi- 
mentary in  the  male  sex. 

The  breeding  time  (rut)  is  usually  in  the  spring,  rarely  towards 
the  end  of  summer  (Ruminants),  or  even  in  the  winter  (Sios,  Carni- 
vora). An  important  phenomenon,  which  accompanies  the  rut  in 
the  female,  and  is  independent  of  copulation,  is  the  passage  of  one 
or  more  ova  from  the  Graaflian  follicles  of  the  ovary  into  the 
oviduct.  The  ova  of  the  Mammalia  were  first  discovered  by  C.  E. 
von  Baer.  They  are  extraordinarily  small  {-^^  to  ^^^^  diameter) 
and   are  surrounded   by   a   strongly  refractile   membrane  {zona 
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iG.  C79.— Ditigramatic  figni-es  illustrating  the  formation  of  the  foetal  membranes  oi  a, 
Mammal  (after  Kolliker).  a,  Oviim  with  first  rudiments  of  embryo;  b.  Ovum  with 
yolk-snc  and  developing  amnion  ;  c.  Ovum  with  amnion  closing  and  developing  allantois ; 
d,  Ovnim  with  villous  serous  envelope,  embryo  with  mouth  and  anus  ;  c.  Ovum  in  which 
the  vascular  layer  of  the  allantois  is  applied  to  the  serous  envelope  and  has  grown  into 
the  villi  of  the  latter,  yolk-sac  reduced,  the  amniotic  cavity  is  increasing;  S,  Zona 
radiata;  D',  Villi  of  zona  ;  Sh,  subzonal  membrane  (serous  envelope)  ;  Ss:,  Villi  of  sub- 
zonal  membrane ;  Oh,  Chorion  (vascular  layer  of  Allantois)  ;  Chz,  Chorionic  viUi  (con- 
sisting of  chorion  and  subzonal  membrane)  ;  Am,  Amnion ;  Ah,  Amniotic  cavity  • 
B,  Embryo  ;  A,  Embryonic  thickening  of  the  external  layer  ;  M,  of  the  middle  layer ;  J, 
of  the  inner  layer;  Ds,  cavity  of  the  embryonic  (blastodermic)  vesicle,  later  of  tlie  yolk- 
sac  (umbilical  vesicle) ;  Dh,  Intestinal  cavity  ;  Dg,  Umbilical  stalk ;  Al,  AUa. 
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jnllucida),  round  which  a  layer  of  albumen  is  often  deposited  in  the 
oviduct. 

The  fertilization  and  total  segmentation-  of  the  ovum  always  take 
place  in  the  oviduct  (Fallopian  tube).  Amnion  and  allantois  uie 
present  in  Mammalia.  In  the  uterus  the  ovum  acquires  a  villous  coat 
{chorion),  derived  from  the  original  zona  and  from  the  subzonal  mem - 
bi  ■ane  (so-called  serous  envelope),  which  is  developed  within  the  zona. 
It  becomes  attached  to  the  uterine  wall  by  means  of  the  chorion  (fig. 
679).  Later  on,  the  peripheral  part  of  the  allantois  also  becomes 
applied  to  the  chorion,  and,  as  a  rule,  penetrates  with  its  vessels  into 
the  villi  {secondary  chorion),  so  that  there  is  developed  a  relatively 
large  surface,  permeated  with  branches  from  the  fcjetal  vessels, 
the  blood  of  which  is  in  intimate  endosmotic  connection  with  the 
blood  of  the  uterine  wall.  This  connection  of  the  allantois  and 
chorion  of  the  foetus  with  the  uterine  walls  gives  rise  to  the  Placenta, 
by  means  of  which  the  nourishment  and  respiration  of  the  foetus  are 
provided  for  in  the  body  of  the  mother.  The  placenta  is  wanting 
only  in  the  Monotreviata  and  Marsupialia,  which,  therefore,  are 
known  as  Aplacentalia,  as  opposed  to  the  rest  of  the  Mammalia, 
which  have  a  placenta,  and  are  called  Placentalia.  The  placenta 
presents  great  variations  in  the  individual  orders,  in  its  special 
development  and  in  the  mode  of  its  connection  with  the  uterine  walls. 
Either  the  villi  of  the  placenta  are  loosely  connected  with  the 
uterine  walls,  and  separate  from  the  latter  at  birth  {Adeciduata),  or 
they  become  so  intimately  vmited  with  the  glands  of  the  uterine 
mucous  membrane  that  the  latter  comes  away  with  the  embryo  at 
birth,  as  the  decidua  or  after-birth  {Deciduata).\  In  the  first  case 
the  allantois  may  grow  completely  round  the  ovum,  and  the  villi  be 
numerous  and  uniformly  distributed  over  the  whole  chorion  {diffuse 
2)lacenta  of  Ungulata,  Cetacea),  or  be  aggregated  in  special  places, 
forming  small  tufts,  the  so-called  cotyledons  (Ruminants).  In  the 
other  case,  the  placenta  with  its  villi  is  confined  either  to  an  annular 
zone  on  the  chorion  {PI.  anmdaris,  or  zonary  placenta  of  Carnivora, 
Pinnipedia),  or  to  a  discoidal  area  {discoidal  placenta  of  Man, 
Apes,  Rodents,  Insectivores,  Bats). 

*  [According  to  Caldwell's  recent  discovery,  which  was  communicated  to  tlic 
British  Association  at  Montreal  in  September  of  the  present  year  (1884),  but 
of  which  no  details  have  as  yet  come  to  hand,  the  Monotremata  are  oviparous 
and  their  ova  meroblastic] 

t  [For  a  fnllcr  account  of  the  structure  and  development  of  the  various  kinds 
of  placenta,  the  reader  is  referred  to  Balfour's  Comparative.  Emhnjology,  vol.  ii.. 
p.  193.] 
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In  the  foetus,  respiration  is  effected  through  the  placenta,  and  the 
kings  are  functionless.  In  correspondence  with  this  the  circulation 
of  the  foetus  differs  from  that  of  the  animal  after  birth  (fig,  680).  From 
the  heart  the  blood  is  driven  into  the  descending  aorta,  which  sends 
■off  behind  two  large  vessels  to  the  placenta  {icmbiliccd  or  allantoic 
arteries).  The  blood,  returning  from  the  placenta  in'  the  allantoic 
vein,  passes  in  great  part  through  a  connecting  vessel  (ductus  venosus 
Arantii)  into  the 
inferior  vena  cava,  f;- 
and  thence  in  part 
passes  into  the 
right  auricle,  but 
the  greater  part 
passes,  in  conse- 
quence of  a  special 
ari'angement  of 
valves,  directly  into 
the  left  auricle 
through  an  opening 
in  the  interauricu- 
lar  septum,  called 
the  foramen  ovale. 
The  blood  which 
reaches  the  right 
ventricle  passes 

through     a    vessel  680.— Diagram  of  the  arrangemeut  of  the  principal  vessels 

in  a  human  f a3tu8  (after  Huxley).  H,  Ventricle ;  V,  Auricle  ; 
Ao,  Aortic  trunk ;  Cc,  common  Carotid  ;  Ce,  external  Carotid  ; 
a,  internal  Carotid;  S,  subclavian  artery;  1,  2,  3,  4,  5,  the 
arterial  arches — the  persistent  left  aortic  arch  is  not  visible ; 
Aod,  descending  aorta;  O,  Omphalomeseriiic  (vitelUne) 
Artery  ;  O',  Omphalomeseriiic  (vitelline)  Vein  ;  U,  Umbilical 
(allantoic)  arteries  witli  their  placental  ramifications  (17") ; 
U',  Umbilical  (allantoic)  vein ;  Vp,  Portal  vein ;  Fe,  Vena 
cava  inferior ;  C,  anterior  cardinal  vein ;  D,  Ductus  venosus 
Arantii;  DC,  Ductus  Cuvleri;  Az,  Azygos  Vein;  P,  Lungs; 
L,  Liver  ;  N,  Umbilical  vesicle  (yolk-sac) ;  Do,  Vitelline  duct 
{Ductiis  omphalomeseraicus) ;  Am,  Amnion. 


{ductus  arteriosus 
Botalli),  connect- 
ing the  pulmonary 
artery  with  the 
aorta,  directly  into 
the  systemic  cir- 
culation, except  a 


small  portion  which 
^oes  to  the  lungs.  From  this  condition  of  the  circulation,  it  results 
that  all  the  arterial  vessels,  except  the  allantoic  vein,  contain  mixed 
blood. 

As  remains  of  the  first  stage  of  the  circulation  before  the  develop- 
ment of  the  placenta,  the  omjjhalomeserdic  vessels — an  artery  and  a 
vein— which  belong  to  the  umbilical  vesicle,  still  persist. 

The  duration  of  gestation  depends  on  the  size  of  the  bodv  and  the 
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stage  of  development  at  which  the  young  are  born.  It  is  longest 
in  the  large  terrestrial,  and  the  colossal  aquatic  animals  {Urujvlata, 
Getacea),  which  live  under  favourable  conditions  of  nourishment. 
The  young  of  these  animals  are  so  far  advanced  in  their  bodil}- 
development  at  birth,  that  they  are  able  to  follow  the  mother  (to 
a  certain  extent  like  2)rcBcoces),  The  period  of  gestation  is  relatively 
shorter  in  the  Carnivora,  the  young  of  which  are  born  naked  and 
with  closed  eyes  and,  like  altrices,  are  for  a  long  time  completely 
helpless,  and  need  the  care  and  protection  of  the  mother.  It  is, 
however,  shortest  in  the  aplacental  Monotremes'''  and  Marsupials. 
In  these  animals  the  young,  which  are  born  at  a  very  early  stage  (in 
the  Kangaroo  they  are  no  larger  than  a  nut),  pass  into  a  pouch 
formed  by  cutaneous  folds  in  the  inguinal  region,  and  here  adhere 
firmly  to  the  nipples  of  the  mammary  glands.  In  this  pouch,  as  in  a 
second  uterus,  they  are  nourished  by  the  secretion  of  the  mammarj- 
glands,  which  assume  at  this  early  stage  the  nutrient  function  of  the 
absent  placenta.  The  number  of  the  young,  which  are  born,  also 
varies  very  greatly  in  the  dilFerent  genera.  The  large  Mammalia, 
of  which  the  period  of  gestation  is  longer  than  six  months,  as  a  rule 
bear  only  one,  more  rarely  two  young ;  but  in  the  smaller  Mammals 
and  some  domestic  animals  (Pig)  the  number  is  considerably  larger, 
so  that  tw^elve  to  sixteen,  or  even  twenty  young  may  be  born  at  one 
time.  The  number  of  teats  on  the  mother  usually  indicates  the  greater 
or  smaller  nvimber  of  the  progeny. 

Many  Mammals  live  a  solitary  life,  and  pair  only  at  the  breeding- 
time  ;  they  are  principally  such  carnivorous  animals  as  find  then- 
subsistence  by  hunting  in  definite  hunting  grounds,  Hke  the  Mole 
in  its  subterranean  passages.  Others  live  united  in  companies,  in 
which  the  oldest  and  strongest  males  frequently  undertake  the  care 
of  protection  and  leadership.  Most  Mammals  seek  their  food  by  day. 
Some,  e.g.,  the  Bat,  leave  their  hiding  places  in  the  twilight  and  at 
night.  Most  Carnivora  and  numerous  Ungulata  also  sleep  in  the 
daytime.  Some  Rodentia,  Insectivora,  and  Carnivora  fall,  during 
the  cold  season  of  the  year  when  food  is  scarce,  into  an  interrupted 
(Bear,  Badger,  Bat),  or  continuous  (Dormouse,  Hedgehog,  Marmots) 
winter  sleep  in  their  hiding  places  which  are  often  carefully  protected, 
or  in  nests  formed  in  the  earth.  During  this  time  the  temperature 
is  loAvered,  the  respiration  is  less  active,  the  heart-beat  is  slowed,  and 
they  take  up  no  food,  but  consume  the  fat  masses  which  were  stored 
up  in  the  aiitumn.    The  following  animals  are  known  to  migi^te  : 

*  Vif/c  note  on  p.  29(). 
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the  Reindeer,  the  South  American  Antelopes,  and  the  North- American 
Buffalo,  the  Seals,  Whales,  and  Bats,  but  more  especially  the 
Lemmings,  which  migrate  in  enormous  herds  from  the  northern 
mountains  southwards  to  the  plains,  are  stopped  by  no  obstacles  on 
their  journey,  and  even  cross  rivei's  and  arms  of  the  sea. 

The  intellectual  faculties  are  more  highly  developed  than  in  any 
other  class  of  animals.     The  Ifammalia  possess  the  faculty  of 
discrimination   and  memory:    they  form   ideas,  judgments,  and 
conclusions;  they  exhibit  affection  and  love  to  their  benefactors, 
dislike,  hate,  and  anger  to  their  enemies;  each  individual  has  a 
definite  character.    Further,  the  intellectual  faculties  of  Mammals 
are  capable  of   being  developed  and  improved,  but  to  a  relatively 
small  extent  on  account  of  the  absence  of  articulate  speech.  The 
more  docile  and  intelligent  of  the  Mammalia  have  been  chosen 
by  man  as  domestic  animals,  and  in  this  capacity  have  played 
an  important  and  indispensable  part  in  the  history  of  civilisa- 
tion (Dog,  Horse).    Instinct,  however,  always  occupies  an  important 
place  in  the  life  of  Mammak.    It  leads  many  of  them  to  construct 
spacious  passages  and  ingenious  nests  above  or  below  the  earth,  in 
which  they  rest  and  bring  up  their  offspring.    Almost  all  Mammals 
make  special  places  for  theii-  brood,  which  they  often  line  with  soft 
materials ;  some  CA-en  construct  true  nests,  like  those  of  birds,  of  grass 
and  stalks  on  the  earth.    Many  of  those  which  inhabit  subterranean 
holes  and  passages  store  up  winter-provisions,  which  they  consume  in 
the  sterile  season,  sometimes  only  in  autumn  and  spring  (winter- 
sleepers.) 

Geographical  distribution.  Some  orders,  as  the  Rodents  and 
Bats,  are  "represented  in  all  parts  of  the  world.  Of  the  Cetacea 
and  Pinnijjedia  most  species  belong  to  the  Polar  regions.  In 
general,  the  Old  and  New  Worlds  have  each  their  own  fauna. 
The  mammalian  fauna  of  Australia  consists  almost  exclusively  of 
Marsupials.  The  oldest  fossil  remains  (lower  jaw)  of  Mammals  are 
found  in  the  Trias  (Keuper  Sandstone  and  Oolite,  Stonesfield 
slate)  and  are  probably  Marsupial.  But  it  is  not  until  the  tertiary 
period  that  the  mammalian  fauna  presents  a  rich  development. 
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1.— APLACENTALIA. 


Order  1. — Monotbemata,* 


The  jaws  are  elongated  to  the  form  of  a  Leak;  the  feet  a/re  aliort,  fwe- 
toed,  and  flemished  with  strong  claws.  Marsupial  hones  and  a  cloaca 
are  present  \Oviparous  ;t  loith  nierohlastic  ovicm.^ 

The  most  important  character  of  the  Moiiotremes  is  the  presence 
of  a  cloaca.  The  dilated  end  of  the  rectum  receives  the  openings  of 
the  generative  and  urinary  ducts  (fig.  678  a).  In  addition  to  this 
character  we  must  mention  the  simple  condition  of  the  female 
generative  organs,  the  absence  of  teeth  in  the  jaws,  the  possession 
of  a  large  coracoid,  and  the  slight  development  of  the  corpus 
callosum. 


Fig.  681. — Echidna  hystrix. 


Fig.  QS,2.—0rnitJiorhynchiis  paradoxus. 

The  form  of  the  body  and  the  mode  of  life  of  the  Monotremes 
partly  recall  the  Anteaters  and  Hedgehog  {Echidna  hystria;  fig.  681) 
and  partly  the  Otters  and  Moles  (Oo-nithorhynchus) ;  in  fact,  Or-, 
nithorhynchus  received  the  appropriate  name  of  "  Watermole"  from 
the  Australian  settlers  (fig.  682).  Echidna  is  covered  with  strong 
spines,  and  possesses  an  elongated  edentulous  snout,  with  a  vermi- 
form, protrusible  tongue.  The  short  five-toed  legs  end  with  powerful 
scratching  claws,  which  are  excellently  adapted  for  rapid  burrowing. 
Ornithorhynchus,  on  the  contrary,  has  a  close,  soft  fur,  a  flattened 

*  R.  Owen,  Article  "  Moiintrematn."  in  Todd's  "  Cyclopfedia  of  Anatoray," 

vol.  iii.,  1843. 

•j-  Vide  note  on  p.  296. 
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body,  and,  as  in  the  Beavers,  a  flat  tail.  The  jaws,  like  the  beak  of 
a  Duck,  are  adapted  for  burrowing  in  mud,  but  are  armed  on 
both  sides  with  two  horny  teeth,  and  are  surrounded  by  a  horny 
integument,  which,  at  the  base  of  the  beak,  projects  in  a  peculiar 
manner,  so  as  to  form  a  kind  of  shield.  The  legs  of  OrnithorhTjnchus 
are  short;  the  five-toed  feet  end  with  strong  claws,  but  are  also 
furnished  with  very  extensible  webs,  and  are,  therefore,  equally  well 
adapted  for  swimming  and  burrowing.  Both  sexes  have,  Kke  the 
Marsupials,  in  front  of  the  pubis  the  so-called  marsupial  bones, 
which  in  the  female  Echidna  support  a  pouch.  The  testes  remain 
inside  the  body  ca\-ity  {i.e.,  do  not  descend  into  a  scrotum).  The 
males  in  both  the  genera  possess  a  hollow  spur  on  the  hind  foot, 
which  receives  the  duct  of  a  gland,  to  which  for  a  long  time  poisonous 
properties  were  erroneously  attributed.  It  appears  more  probable 
that  this  spur  serves  only  as  a  stimulant  during  copulation,  since  it 
fits  into  a  pit  in  the  thigh  of  the  female.  The  embryos  *  are  born  at 
an  early  stage,  and  in  Echidna  pass  into  the  marsupial  pouch  of  the 
mother.  On  the  abdomen  of  the  latter  there  are  two  mammar}- 
glands,  which  are  without  a  projecting  nipple.  Fossil  remains  are  as 
yet  unknown. 

Ormthorhynclms  2}aradoxns  Blumb.,  The  Duck-bill  Platypus,  Australia  and 
Van  Diemen's  Land  ;  Ecliidna  hij-^frix  Cut.,  in  the  mountainous  regions  of 
south-east  Australia  ;  E.  setosa  Guv.,  Van  Diemen's  Land. 

Order  2. — MARSUPiALiA.t 

Mammalia  loith  various  dentition,  toith  two  marsupial  bones  siq)- 
]jorting  a  marsupial  pou,ch,  lohich  encloses  the  teats  of  the  mamnuiry 
glands. 

The  principal  characteristic  of  the  Marsupials  is  the  possession  of 
a  sac,  or  pouch  {marsuinum),  which  is  supported  by  two  marsupial 
bones  (fig.  683),  encloses  the  teats  of  the  mammary  glands,  and 
receives  the  helpless  young  after  birth.  In  the  absence  of  a  placenta, 
birth,  as  in  the  Monotremes,  takes  place  at  a  very  early  stage.  Even 
in  Macrojms  giganteus,  the  males  of  which  attain  almost  the  height 
of  a  man,  the  period  of  gestation  does  not  last  more  than  thirty -nine 
days,  and  the  embryo  at  birth  is  blind  and  naked,  its  extremities  are 

*  Vide  note.  p.  296. 

f  K.  Owen,    Marsupialia,"  in  Todd's  Cyclopedia  of  Anatomy,  vol.  lii.,  1842. 
G.  K.  Waterhouse,  '•  A  Natural  History  of  the  Mammalia,"  vol.  v.,  "  Mareu- 
pialia,"  London,  184<5. 
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.scarcely  visible,  and  it  is  not  much  more  than  an  inch  in  length.  It 
is  placed  in  the  pouch  by  the  mother,  sucks  firmly  on  to  one  of  the 
two  or  three  teats,  and  remains  in  the  pouch  for  eight  or  nine  months. 

In  their  external  appearance,  in  their  mode  of  nourishment,  and 
in  their  habits,  the  Marsupials  differ  extraordinarily  from  each  other. 
Many  of  them  are  herbivorous,  and  in  their  dentition  approach  the 
Rodents  or  the  Ungulates  ;  others  are  omnivorous ;  others,  like  true 
Carnivora,  prey  on  Insects,  Birds  and  Mammals.  In  their  general 
appearance  and  mode  of  locomotion  they  repeat  a  series  of  types  of 
different  mammalian  orders.    The  Wombats  represent  the  Kodents, 


Pig.  R83.— The  pelvis  aud 
adjoining  parts  of  the 
vertebral  column  of 
Macro'pus.  Jl,  Ilium  ;  Pb, 
Pubis  ;  Jk,  Ischium  ;  I£, 
Marsupial  bones ;  A, 
Acetabulum ;  .S',  the  two 
sacral  vertebrfe. 


Fig.  681. -^(f,  FemaJ  e  s euerative  organs  of  HiiJmatiirun 
(after  Gegenbaur) ;  Ob,  Ovary ;  T,  Oviduct ;  V, 
Uterus;  0,  Mouth  of  uterus;  I",  Vagina;  B, 
Csecum  of  vagina ;  Uv,  Ureter ;  H,  Urinary 
bladder;  M,  opening  of  bladder  into  the  uro- 
genital sinus  (S).  h.  Bifid  penis  of  Didelyliys 
philander  (after  Otto,  from  Gegenbaur) ;  E  the  two 
halves  of  the  glans. 


the  fleet  Kangaroos,  which  move  by  huge  bounds,  correspond  to  the 
Kuminants,  and  represent,  in  a  certain  degree,  game,  which  is  absent 
in  Austraha.  The  flying  Marsupials  {Fetaurns)  resemble  the  flying 
Squirrels  {Pteromys) ;  the  climbing  Phalangers  {Fkalangista),  in 
their  shape  and  mode  of  life,  recall  the  Lemurs  {Lemur) ;  while 
others,  as  the  Peramelidce,  show  a  likeness  to  the  Shrews  {Soricidoi) 
and  Insectivores.  Finally,  the  carnivorous  Marsupials  approach  in 
their  dentition  to  the  true  Carnivora  as  well  as  the  Insectivora,  to 
which  they  scarcely  yield  in  the  large  number  of  their  small  incisor 
teeth  and  tuberculated  molar.-. 
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The  female  generative  organs  frequently  present  i-acemose  ovaries  : 
the  two  oviducts  ai-e  prolonged  into  two  completely  separate  viteri, 
which  are  followed  by  the  peculiarly  formed  and  likewise  double 
vagina  (fig.  684a)  ;  the  two  vagina3  are  united  at  the  point  where 
they  receive  the  openings  of  the  uteri  into  a  common  portion,  which 
gives  off  a  long  csecal  diverticulum,  usually  divided  by  a  septum. 
From  this  part  arise  the  two  vaginal  canals,  which  curve  round  and 
open  into  the  urogenital  canal.  Since  the  external  opening  of  the 
latter  coincides  more  or  less  closely  with  the  anus  (the  two  openings 
are  surrounded  by  a  common  sphincter),  the  Marsupials  may  be 
said  to  have  a  kind  of  cloaca.  The  penis  ends  as  a  rule  with  a  bifid 
glans  (fig.  6846),  corresponding  to  the  double  vagina  of  the  female. 

Most  Marsupials  live  in  Australia,  many  also  in  islands  of  the 
Pacific  Ocean  and  the  Moluccas ;  Didelphi/s  in  South  America.  In 
Europe  they  are  wholly  absent  at  the  present  time,  though  they 
were  distributed  there  in  the  tertiary  period. 

Tribe  1.  Glirina  (Rodent-like  Marsupials).  Unwieldy,  heavy 
animals  of  the  size  of  a  Badger,  with  close  soft  fur,  with  Rodent 
dentition,  short  limbs,  and  rudimentary  tail.  The  rudimentary 
inner  toe  of  the  hind  foot  alone  is  without  the  curved  claw. 

Fam.  Phascolomyidae.   Dentition  i.  -c.^ij.m.-m.  1    Phascolomys  Wumhat 
Per.  Les.  (fimor),  Van  Diemen's  Land  and  New  South  Wales. 

Tribe  2.  Macropoda  (Jumping  Marsupials).  With  small  head 
and  neck,  weak,  small,  five-toed  front  legs,  and  hind  part  of  the 
body  unusually  developed.  The  very  long  hind  legs  serve  for 
jumping,  and  are  aided  by  the  long  tail,  the  root  of  which  is 
thickened.  The  powerful  hind  feet  end  with  four  toes  mth  hoof- 
like claws ;  the  two  internal  toes  are  united,  and  the  median  one 
is  very  long  and  powerful.  The  dentition  recalls  that  of  the  Horse, 
though  the  number  of  incisors  in  the  lower  jaw  (2)  is  smaller.  The 
stomach  is  colon-like  in  shape,  the  caecum  is  long.  They  feed  on 
grass  and  plants. 

Fam.  Halmaturidae  (Kangaroos).    Dental  formula  i.  -  c.         »  m  ^  m  ^ 

1         0  1    ■  4 

Macrujjus  yiganteus  Shaw.  Great  Kangaroo,  II>n).nprymims  rufcsccm  Gould. 
Kangaroo  Rat. 

Tribe  3.  Scandentia  (Carpophaga).  Climbing  Marsupials.  The 
second  and  third  toes  of  the  hind  foot  are  fused,  but  the  inner  toe  is 
without  nan  and  opposable.    The  long  taH  is  prehensile  in  accord- 
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ance  with  the  arboreal  life.    With  respect  to  the  dentition  these 

animals  are  intermediate  between  the  Glirina  and  Halmatwidai. 

Fam.  Phascolarctidae.     Jiody  stout,  unwieldy,  head  thick,  ears  large,  and 

tail  quite  ]U(liuieiit;u>-.     Phn-svolarctus   eini-ri'ux  Goldf.,  Koala.  Dentition 

■•5    1  11 
e.'  i.    v.  m.    III.   .  New  8outh  Wales. 
10^        I  4 

Fam.  Phalangistidse.  Of  slender  form,  with  piehensile  tail.  PatMnrim 
fia/nvcntrr  Desni.  ;  P.  pyiima'm  Desm.,  scarcely  4  inches  long  ;  PhalaiujUld 
urmia  Temm  .  Celebes  ;  P.  QTvlrlii'minrng)  vuljnna   Desm.  (fig.  68.0)  :  J'. 

mmrrina,  New  South  Wales;  Tar- 
sipes  rontratus  Gerv. 

Tribe  4.  Rapacia  (carnivo- 
rous Marsupials).  The  den- 
tition pi'esents  the  charactei/s 
of  that  of  the  Insectivora  and 
Carnivora.  Stomach  without 
glandular  apparatus.  The 
caecum  is  but  slightly  de- 
veloped. Some  are  climbers, 
some  jumpers  and  runners. 

Fam.Peramelidse  (Entomophaga  . 
Bandicoots.  With  elongated  hind 
legs  and  pointed  snout,  as  in  the 
Insect  irora.  They  dig  holes  in  the 
earth.  Peravielcs  nasiita  GeofEr.. 
New  South  Wales. 

Fam.  Dasyuridae.  Native  cats, 
devils,  etc.  With  distinct  car- 
nivorous characteristics  and  hairy 
tail,  which  is  not  prehensile. 
Mi/rmccohhis  fasciatux  Waterh.. 
Marsupial  Ant-eater ;  Phascogalr 
2}enmllnta  Temm.  Bloalthirsty 
and  bold  carnivorous  animal  of  the 
size  of  a  squirrel,  in  a  certain  sense 


Fig.  685.— rri'cAo»«rM8  vulpinus.   

the  Weasel  of  South  and  West  Australia.    Pk.  fla^i^cs  Waterh.,  y^'^^-^^^^ 

Marsupial  mouse;  Damjurns  rm'm««.9  Geoffr.,  Dentition  :  7.  ^  ^- ji^- g'"'- 4^ 
New  South  Wales  ;  Thylacinus  cynoeephalns  A.  Wagn.,  Tasmanian  Wolf.^  ^ 
Fam.  Didelphyidffi  (Pedimana).  Opossums.  Dentition:  i.  ^c.  -p.  m.  ^>i.^, 
with  tolerably  pointed  snout,  large  eyes  and  ears,  and  usually  long  prehensile 
aU  The  feet  have  five  toes.  On  the  hind  foot  the  inner  toe  is  opposable. 
ImciLs  ■rir.i.iana  Shaw  ;  JJ.  rancrirora  Gm.,  Brazil,  wxth  completely 
pr^hen  ile  tail  :  i>.  L. ;  U.  iMan<kr  l..;  B.  ,lor.i,cra  L.,  Suvu..m. 
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II.— PLACENTALIA. 
I. — Adeciduata. 

Order  3. — Edentata-^  (Bruta). 

Mammals  loith  incomplete  dentition,  usually  toith  numerous  grinders 
loithout  roots,  and  scratchhuj  or  curved  claios  on  the  extremities. 

This  group  which  includes  but  few  genera  is  characterised  by  the 
relatively  low  grade  of  development  of  all  the  systems  of  organs  and 
especially  by  the  incomplete  dentition,  teeth  being  in  exceptional 
cases  altogether  wanting.  Except  in  the  case  of  a  single  Dasypod 
the  incisors  are  always  absent  (fig.  686).  When  canine  teeth  are 
present  they  are  small,  blunt,  and  conical.  The  grinders  also  are 
weak  and  of  simple  structure,  being  without  roots  and  enamel. 
Many  {Vermilinguia  and  Basypoda)  are  insectivorous,  others  (^'ra%- 
p)oda)  phytophagous.  They  are  all 
sluggish,  stupid  animals,  with  small 
brain  without  convolutions ;  thej^ 
cHmb  or  dig  holes,  and  at  the 
present  time  only  inhabit  the 
southern  zones.  Except  the 
African  Orycteropus  and  the  genus 
Manis,  which  lives  in  Africa  and 
Asia,  they  are  all  confined  to  South 
Ajaerica. 

Fam.  Vermilinguia  (Ant-eaters).  With  very  elongated,  pointed  snout,  narrow 
mouth,  from  which  the  thin,  vermiform  tongue  can  be  protruded  to  a  great 
distance.  The  jaws  are  weak.  Teeth  are  altogether  absent,  except  in  Orycte- 
rnpus,  which  possesses  numerous  grinders  formed  of  longitudinal  hollow  fibres 
and  scarcely  of  the  hardness  of  bone.  The  legs  are  short,  strong,  and  adapted 
for  digging  ;  they  are  used  for  scraping  up  the  nests  of  Ants  and  Termites.  They 
extend  their  long  viscous  tongue  into  the  ant-heaps  thus  broken  into  ;  the 
insects  bite  firmly  hold  of  it,  and  by  the  rapid  retraction  of  the  tongue  become 
the  prey  of  the  Ant-eater.  MijrmccophfKja  jiihata  L. ;  M.  tetradactyla  L.. 
(tamandiia  Desm.),  dklactijla  L.,  Soiith  America.  Manis,  Pangolin ;  M.  mac- 
77/7-a.  Erxl.,  West  coast  of  Africa;  M.  hraeli  ij'iiva.  Erxl.  and  javaniea  Desm., 
both  found  in  the  East  Iiidies.  Orycteropns  ca2)ensis  GeofiEr.,  Aardvark  of 
South  Africa. 

Fam.  Dasypoda  (ArmadUlos).    The  body  is  covered  with  bony  plates  which 

*  Th.  Bell,  Article  "  Edentata,"  in  Todd's  "  Cyclopasdia  of  Anatomy,"  vol.  ii. 
I83G. 

W.  V.  Rapp,  '•  Aimtomische  Untersuchungen  iiber  die  Edentaten,"  Tiibia<Tcn 
1852.  '       "  ' 


Fig.  686.— Skull  of  Bradi/pus  iorquahis. 
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are  airanyed  in  transverse  rows  on  the  back  and  tail,  so  as  to  form  a  movable 
dermal  armour  (fig.  1)87).  The  limbs  are  short,  and  with  their  powerful 
scraping  claws  are  well  adapted  for  burrowing.  Incisor  teeth  are  absent,  except 
in  JD/isi/piis  srxcinotux  and  in  the  fossil  Chlamydotkeriiim.  Both  jaws  have 
small  cylindrical  grinding  teeth,  the  number  of  which  varies  in  the  diffei'ent 
fonns.  They  inhabit  South  America.  Bmypux  uotcmcinctnx  L.,  the  long- 
tailed  Armadillo,  with  eight  to  ten  bands  ;  D.^igas,  with  upwards  of  a  hundred 
teeth  ;  CJdamydophorm  truncatvs,  Hart,  the  Pichyciego,  in  the  neighbourhood 
of  Mendoza. 

Fam.  Bradypoda  (Sloths). ,  With  rounded  head  (fig.  686)  and  anteriorly  directed 
eyes,  with  very  long  anterior  limbs  and  pectoral  mammre.  The  incisoi-  teeth, 
and  sometimes  also  the  canines,  are  absent ;  there  are  three  to  four  grinders  in 
each  half  of  the  jaw.  The  large  process  on  the  jugal,  descending  over  the  lower 
jaw,  is  worthy  of  remark.  The  Sloths  are  exclusively  arboreal  ;  they  use  the 
curved  claws  at  the  end  of  the  two  or  three  closely  connected  digits  for  hanging 
on  to  branches  during  their  strong  but  slow  movements.  On  the  ground  they 
can  only  drag  themselves  along  extremely  awkwardly  and  helplessly.  The 


body  is  covered  with  long  and  coarse  hair,  like  dry  hay.  They  live  in  the 
forests  of  South  America.  Bradyjms  tridacfylvs  Cuv.,  Ai,  or  three-toed  Sloth  : 
Br.  torqvatvst  111.,  Cliolerjms  didactyhts  111.,  Unau,  or  two-toed  Sloth. 


Order  4. — Cetacea.* 


Aquatic  Mammalia  tvith  sjnndle- shaped  body  ivhich  is  not  covered 
loithhair;  loithfin-lihe  front  limbs  and  horizontal  caudal  Jin.  The 
posterior  limhs  are  absent. 

The  Whales  repeat  the  piscine  type  in  the  form  of  their  body  and 
in  the  articulation  of  their  .skeleton  (Fig.  688).  By  theii'  whole 
organisation  they  are  true  Mammals  with  warm  blood  and  pulmonary 
respiration,  and  they  are  most  nearly  allied  to  the  Ungulates,  which 
they  approach  through  the  Sirenia.    Some  species  attain  a  colossal 

*  D.  F.  Eschricht,  "  Zoologisch-anatomisch-physiologische  Untersuchungen 
iiber  die  nordischen  Walthiere,"    Leipzig,  1849. 

D.  F.  lOschricht  og  .T.Reinhardt.  "  Om  Nordlivalen/'    Kjbbenhavn,  18(11. 
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size,  that  only   water  can 
carry   them,   and   the  sea 
supply  them  with  food.  The 
cervical  region  is  not  visible 
externally,    and    the  head 
passes  dii'ectly  into  the  cylin- 
di'ical  trunk,  while  the  caudal 
end  develops  a  horizontal  fin, 
in  addition  to  which  there 
is  often  a  fatty  fin  on  the 
dorsal  surface.      Hairs  are 
almost  entirely  absent  in  the 
larger  forms  ;  being  only  re- 
presented    by  bristle-like 
hairs  on  the  upper  lip,  which 
are  present  during  the  whole 
of  life,  or  only  during  the 
foetal  period.    In  the  smaller 
species,  and  in  the  Sirenia 
there  is  a  sparse  covering  of 
bristles.  On  the  other  hand, 
there  is  developed  beneath 
the  thick  leatheiy  sldn  in 
the  subdermal  cellular  tissue 
a  considerable  layer  of  fat, 
which  to  a  certain  extent 
takes  the  place  of  fur,  and 
serves  both  to  prevent  the 
loss  of  heat  and  to  lower 
the   specific   gravity.  The 
head  is  often  elongated  into 
the  form  of  a  snout,  and  is 
without    an   external  ear. 
The  eyes  are  strikingly  small 
and  are  often  placed  near  the 
angle  of  the  mouth;  the  nasa 
apertures  are  shifted  on  to 
the  forehead.    The  anterior 
limbs   are   represented  by 
short,   externally  unjointed 
swimming   fins,  which  can 
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only  be  moved  as  a  whole.     The  hind  limbs  are  wholly  wanting  as 
external  appendages. 

The  skull,  as  compared  with  the  large  facial  part  of  the  hea4, 
which  is  often  elongated  like  a  beak,  is  small  and  often  asymmetrical, 
the  right  side  being   the  lai-gest.     Its   bones  are  separated  by 
sutures  and  loosely  connected.    The  parietals  early  fuse  with  the 
interparietals  to  a  single  bone.     The  hard  peti-ous  l)one  remains 
isolated  from  the  other  parts  of  the  temporal  bone.     The  nasal 
cavity,  in  connection  with  the  great  development  of  the  premax- 
illaries,  is  shifted  entirely  on  to  the  skull.    Except  in  the  Sirenia, 
the  nasal  bones  are  rudimentary.    The  jaws  are  frequently  alto- 
gether without  teeth.    A  change  of  dentition  takes  place  only  in 
the  Sirenia.    In  the  true  Cetacea  the  dental  germs  are  developed  in 
foetal  life;  but  the  teeth  either  fall  out  before  birth  (Whalebone 
Whales),  or  develope  into  the  permanent  teeth  (Dolphins).  Of 
the  hind  limbs  traces  are  only  sometimes  found,  as  small  bones  which 
■  are  interpreted  as  the  rudiment  of  a  pelvis ;  in  Balcena  mysticetus 
rudiments  of  a  femur  and  tibia  are  also  present  (fig.  688).  The 
single  or  double  nasal  aperture  is  placed  more  or  less  high  up  on  the 
skull,  and  leads  straight  down  into  the  nasal  cavities,  which  descend 
as  a  paired,  but  posteriorly  single,  nasal  canal,  which  at  the  soft  palate 
can  be  shut  off  from  the  pharynx  by  a  sphincter  muscle.    The  view 
that  the  Whale  spouts  water  through  its  nasal  apertures  has  been 
proved  to  be  erroneous.     The  expired  aqueous  vapour  condenses 
into  a  cloud,  and  gave  rise  to  the  illusion  that  a  column  of  water 
was  ejected  from  the  nostrils.    The  lungs  are  very  spacious ;  they 
extend,  like  the  swimming  bladders  of  Fishes,  far  backward,  and  play 
an  essential  part  in  the  maintainance  of  the  horizontal  position 
of  the  body  in  water;  the  diaphragm  also  has  a  correspondmg 
horizontal  position.    Saccular  dilatations.on  the  aorta  and  pulmonary 
arteries,  as  well  as  the  so-called  arterial  networks  may  serve  as  aids 
to  respiration  during  diving. 

The  females  bear  a  single  (the  smaller  species  rarely  two) 
relatively  far  advanced  young,  which,  however,  need  the  care  of  the 
mother  for  a  long  time  after  birth.  The  two  teats  of  the  mamm* 
lie  in  the  inguinal  region,  in  the  Sirenia  on  the  thorax. 

The  Whales  usually  live  together  in  herds.  The  smaller  species 
frequent  the  coasts,  and  even  enter  the  mouths  of  rivers.  The 
larger  species  prefer  the  open  sea  and  colder  climates.  They  swim 
with  great  strength  and  speed,  usually  keeping  near  the  surface. 
The  gigantic  whalebone  Whales,  which  are  entirely  without  teeth, 
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but  possess  whalebone  on  the  palate,  feed  on  small  marine  animals, 
nndibranchiate  Molluscs  and  Medus£e.  The  Dolphins,  with  their 
uniform  carnivorous  dentition,  feed  on  larger  fishes ;  the  Sirenia, 
which  are  intermediate,  so  far  as  their  form  is  concerned,  between 
the  Whales  and  Seals,  are  hei-bivorous.  Fossil  remains  are  found 
in  the  older  tertiaries. 

Sub-order  1.  Cetacea  carnivora  (True  Whales).  Either  with 
conical  teeth  in  the  jaws  or  with  whalebone  on  the  palate.  The 
nasal  apertures  are  placed  on  the  forehead.  The  larynx  projects 
like  a  pyramid  into  the  posterior  nares.  The  mammae  are  placed  on 
the  inguinal  region.  The  skin  is  devoid  of  hairs,  and  beneath  it  is 
a  thick  layer  of  fat.  The  limbs  are  movable  at  the  shoulder 
joint  only ;  their  constituent  bones  are  rigidly  and  immovably 
connected. 


Fig.  689.— DrfpAi«««  delphis  (regne  animal). 


Tribe  1.  Denticete  (Toothed  Whales).  Carnivorous  Whales  which 
feed  principally  on  fish,  with  conical  teeth  in  both  or  only  in  one 
jaw.  Dentition  monophyodont.  Head  of  proportionate  size.  Nasal 
apertures  often  united  to  a  single  semilunar  opening. 

Fam.  Delphinidae.  Both  jaws  with  similar  conical  teeth,  but  not  always 
armed  along  their  whole  length.  Nasal  apertures  united  to  a  semilunar 
spiracle.  Phocrena  communis  Less.,  Common  Porpoise,  four  to  five  feet  long, 
ascends  the  mouths  of  rivers,  lives  on  'Fishes.  European  seas.  Bdvun 
(T)rlvlnnn'pt('rm')  IpvoriH  Gray,  White  Fish  :  GloVwccplialm  tjlolnccps  Cuv., 
Black  Fish,  NoiUi  Atlantic  Ocean  ;  Delphinus  deljjhis  L.,  Common  Dolphin 
(fig.  689). 

Fam.  Monodontidae  (Narwhals).  Upper  jaw  with  only  two  anteriorly  directed 
teeth  which  in  the  female  are  small ;  but  in  the  male  one  of  them  (usually  that 
of  the  left  side)  becomes  a  colossal,  spirally  grooved  tusk.  The  other  small 
teeth  of  both  jaws  fall  out  early.  Moriodon  monooeros  L.,  Narwhal.  North 
Polar  Sea,  twenty  feet  long. 

Fam.  Hyperoodontidse.  With  elongated  beak-like  snout,  only  one  or  two 
fully  developed  teeth  on  each  side  in  the  lower  jaw.    Facial  bones,  especially 
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pracnifixillaries,  often  asymmetrical.  Spiracle  semilunai'.  Uyperoodon  bidenn 
Flem..  inoix'  tlian  twenty  feet  Uw^,  North  Atlantic  Ocean. 

Fani.  Catodontidse— Physeteridae  (Sperm-whales).  Head  of  enormous  size, 
being  one  third  of  the  length  of  the  body.  Swollen  to  the  extremity  by  the 
accumulation  of  fluid  fat  (spermaceti).  Upper  jaw  without  teeth.  Rami 
of  the  lower  jaw  applied  to  one  another  and  armed  with  a  row  of  conical 
teeth.  Spiracles  separate.  They  live  on  Cephalopoda.  Catodoit  viarruci-phahis 
Lac,  C'achelot,  forty  to  sixty  feet  long,  North  Sea ;  Phygeter  t-urxio  Gray, 
North  Atlantic  Ocean. 

Tribe  2.  Mysticete  (Whalebone  Whales),  Head  very  large,  jaws 
without  teeth,  with  whalebone  (fig.  673).  (Esophagus  narrow ; 
spiracles  separate. 

Fam.  Balaenidae.  Cctacca  of  considerable  size,  with  enoimous  head,  wide 
slit-like  mouth  without  teeth,  and  double  nasal  openings  ;  with  very  small  eyes 
near  the  angle  of  the  mouth.  Two  rows  of  horny  transverse  plates,  frayed  out 
at  tlieii"  lower  edges,  arise  fi-om  the  palate  and  upper  jaw.  These  are  the 
whalebone  plates.  They  project  vertically  into  the  mouth,  are  closely  packed 
together  one  behind  the  othei',  and  decrease  in  size  anteriorly  and  posteriorly 
They  form  a  kind  of  sieve,  which  when  the  huge  mouth  is  closed  retains  the 
small  Med  usee,  Nudibranchs,  etc.,  which  are  taken  in  ^^'ith  the  sea  water,  while 
the  water  flows  out.  Balcenojytera,  Rorquals  ;  B.  rostrata  Fabr.,  North  Sea  •. 
Balana  niysticetus,  Greenland  Whale,  reaches  a  length  of  sixty  feet. 

Sub-order  2.  Cetacea  herbivora,  Sirenia.  With  thick,  sparsely 
bristled  skin,  swollen  lips,  and  anterior  nasal  apertures,  mth 
pectoral  mammee.  The  large  fins  are  movable  at  the  elbow  joint, 
and  end  like  hands  with  traces  of  nails.  ISTeck  distinct.  Dentition 
and  internal  organisation  approximate  to  those  of  the  Ungulates. 
The  incisors  are  replaced.  The  grinders  have  a  flat  crown,  and  are 
always  well  developed  in  both  jaws.  There  are  no  canine  teeth.  In 
the  Dugong  there  are  two  tusk-like  incisors  in  the  upper  jaw,  while 
the  lower  incisors  fall  oxxt  early.  They  feed  especially  on  fuci  and 
seaweed  on  the  sea  coast. 

Fam.  Sirenia.  Nasal  openings  placed  far  forward.  Maiiatux  Avstralis 
Tils.,  American  Manatee.  Found  at  the  mouths  of  the  Orinoco  and  Amazon  : 
M.  scncgalensh  Desra.,  African  Manatee;  Ilalicorr  indica  Desm.,  Dugong, 
Indian  Ocean  and  Red  Sea;  B/n/fi/ia  SfrUrr!  Cuv.,  Steller's  Sea-cow, 
extinct. 
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Order  5. — Pertssodactyla  (Odd-toed  Ungulates).* 

Large  Ungulates  usually  of  unwieldy  hidld  ;  the  middle  digit  is  more 
develojyed  than  the  others.  The  stomach  is  sim2)le  and  the  ccecum  is 
very  large.    The  dentition  is  usually  complete. 

In  the  earlier  tertiary  times  the  Ungulates  were  already  a  well- 
defined  group,  the  smaller  species  of  which  presented  approxima- 
tions to  the  Insectivora  i^Microchoei'us)  and  Rodents.  The  Ungulata 
are  either  herbivorous  or  omnivorous.  The  dentition  is  highly 
differentiated ;  the  grinders  are  traversed  by  folds  of  enamel,  with 
transverse  ridges  and  short  tubercles,  which  are  usually  worn  down 
to  an  even,  masticating  surface.  Large  chisel-shaped  incisors,  which, 
however,  may  fall  out  or  in  the  lower  jaw  be  completely  absent,  are 
often  present.  There  is  always  a  gap  between  the  incisors  and  the 
prsemolars.  The  canines  are  often  absent,  or  only  present  in  the 
upper  jaw,  principally  in  the  males,  and  then  are  transfor-med  into 
tusk-like  weapons.  Even  when  both  upper  and  lowei-  canines  are 
present,  they  have  this  significance,  and  are  much  larger  in  the 
male  sex. 

Among  the  many  differences  which  the  Ungulates  present  in 
their  whole  organisation  and  mode  of  life,  the  difference  in  the 
number  of  hoofs  (which  corresponds  with  that  of  the  toes)  was 
held  to  have  a  special  value,  and  accordingly  Multiungulates, 
Biungulates,  and  Uniungulates  were  distinguished  as  separate 
orders.  This  division  was,  however,  by  no  means  a  natural  one, 
since  it  led  not  only  to  the  union  of  widely  divergent  forms  as 
Multiungulates,  but  also  to  the  separation  of  the  Uniungulates  and 
Biungulates  from  their  near  allies.  The  progress  of  palaiontological 
knowledge  has  shown  that  this  division  is  untenable.  Remains 
of  extinct  forms,  which  partly  fill  up  the  gaps  between  members  of 
the  supposed  orders,  have  been  discovered.  Accordingly  the  order  of 
Multiungulates  has  been  recently  broken  up,  and  two  members  of  it 
—the  Prohoscidea  and  the  ffyracoidea—huve  been  placed  among  the 
Deciduata;  and  further,  two  orders  founded  upon  the  odd  or  even 
number  of  the  toes— a  character  which  had  already  been  used  by 

1846^^' ^""^  osseinents  fossiles,"    Third  odition,  Paris, 

T.  Ryinei-  Jones  Article  -  Pachyderniata  "  in  Todd's  "  Cyclopsedia  "  with 
I    Supplement  by  F.  Spencer  Cobbold,  1859  j^iopaiuia,  witn 

vZ;.!^'''™^'''''^'--  ^^'^"^is  Anthracotherion   Cuv  und 

J    impht,'- 18?3."''"'"^'"  Classification  der  fossilen  Hufthierc.  Pali^oZ 
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Cuvier — were  established ;  these  are  the  Perissodactyla  (Pachy- 
derm es  i\  doigts  impaires  Cuv.,  and  Solidungula  Aut.)  with  an  odd 
number  of  toes,  and  the  Artiodactyla  with  an  even  number  of  toes. 
The  names  do  not  correspond  strictly  with  the  number  of  the  toes 
since  there  are  Perissodactyles — as  the  Tapir  and  Eoldppus — which 
have  four  toes  on  the  front  feet ;  and  on  the  other  hand,  there 
are  Artiodactyles — as  Anoidotherium  tridactyle, — which  have  three 
toes  on  both  front  and  hind  feet.  But,  when  applied  in  a  limited 
sense  with  reference  to  the  number  of  the  pillar-like  support- 
ing bones  of  the  middle  digit  or  digits,  the  names  are  in  all  cases 
suitable.  In  the  Perissodactyla  the  unpaired  central  digit  serves  as 
the  principal  support,  which  in  the  Artiodactyla  is  afforded  by  the 
third  and  fourth  digits  which  are  symmetrical  and  similar.  In  most 
Perissodactyla  there  are  three  digits  of  which  the  middle  one  is 
specially  strongly  developed.  The  forms  which  exist  at  the  present 
time  are  confined  to  the  families  of  the  Tapiridce,  the  Rhinoceridce, 
and  the  Equidce,  of  which  the  last  were  represented  as  far  back  as 
the  eocene  epoch  (Anchitherium)  by  forms  which  constitute  con- 
necting links  between  the  Palceotheridce  and  Tapiridce  on  the  one 
hand,  and  the  ancestral  forms  of  living  horses  on  the  other. 

Fam.    Tapiridse.    Short-haired  Ungulates  of  medium  size,  with  movable, 

proboscis.     Dentition  :  i.  ^c.^  p.m.  il*  m.  The  moderately-long 

3'3      I'l  3'3  do 

front  legs  end  with  four  (fig.  670  c),  the  hind  legs  with  three  digits.  Tapirm 

indicns  Desm.,  East  India  ;  T.  americanus  L.,  South  America. 

Fam.  Ehinoceridae.    Large  unwieldy  Pachyderms  with  one  or  two  epidermal 

^     .  .        .1-1     0-0  4-4 

horns  on  the  strongly-arched  nasal  bones.    Dentition  :  i.  — •  c.  —  p.  m.  — 

m.  The  four  incisor  teeth  are  rudimentary,  and  sometimes  fall  out  in  old 

3.3 

age.  Rhinoceroses  appeared  in  the  miocene,  and  are  also  found  in  the  phocene 
and  diluvium  of  Europe.  BMnoccros  javamis  Cuv.,  Java;  Rli.  sumatremis 
Cuv.;  Rh.  africanus  Camp.;  Rh.  ticJiorhinus  Cuv.,  with  bony  nasal  septum, and 
hairy  skin  ;  diluvial,  found  well-preserved  in  ice.  Rh.  IcptorJmius  Cuv.,  upper 
tertiaries,  in  Italy  and  south  of  France. 

Fam.  Equidae  (Solidungula  Aut.).  Long-limbed,  slender  Ungulates  of  con- 
siderable  size.  The  three-jointed  middle  digit  alone  treads  upon  the  gi-ound, 
and  its  strong  terminal  joint  is  surrounded  by  a  broad  hoof  (fig.  690).  The 
second  and  fourth  digits  are  either  present  as  small  accessory  digits  (in  fossil 
horses),  or  are  reduced  to  the  metatarsal  (metacarpal)  bones  (splint  bones). 

The  dentition  (fig.  691)  consists  of  six  upper  and  six  lower,  large  chisel- 
shaped  incisors,  which  are  arranged  in  a  curved  line,  and  are  distinguished  by 
the  transversely  oval  pit  on  their  biting  surfaces.  Canine  teeth  are  as  a  rule 
present  only  in  the  male  sex  in  both  jaws,  and  are  small  and  conical. 

In  the  fossil  forms  there  are  seven  grinders  on  each  side  in  each  jaw  ;  in  the 
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recent  species  of  the  Eqtiida;  the  number  is  reducetl  to  six,  but  there  is  a  small 
tooth  in  front  of  the  first  prfemolar  which  soon  falls  out  (Wolfszahn,  Bojanus). 
Fossil]  forms  first  appear  in  the  eocene  (OroMppuJi  still  with  a  rudimentary 
fifth  digit,  as  well  as  the  three  other  digits  which  rested  on  the  ground,  and 
Ancldtheriim).  They  persisted  in  the  miocene  and  pliocene  {Hipjmrion)  and 
then  pass  into  the  diluvial  genus  Etimis,  to  which  the  domestic  horses  of  the 
present  day  belong.  Anchitlierium  Bumasii  Ocrv.  Feet  with  three  digits,  middle 


Fig.  690.— Pedal  skeleton  of  diEEerent  genera  of  JEquidcB  (after  Marsh),  a,  Foot  of  OroMppiis 
(Eocene) ;  6,  Foot  of  Anchiiherium  (Lower  Miocene  ;  c,  Foot  of  Hipparion  (Pliocene)  ;  d. 
Foot  of  the  recent  genus  Eqiius. 

digit  large,  remains  of  fifth  metacarpal  on  the  anterior  limbs.  The  grinders  are 
7  r        -i'i         3'3  ~\ 

-  \  2).m.  J-  .  Ill-  -^j.  I  Hipparion  f/racile  Kp.,  miocene.  Of  the  seven  grinders, 

the  anterior  is  a  simple  prism  with  a  semilunar  transverse  section ;  it  is  lost 
with  the  milk  dentition.  Uqmis  oahallm.  Foot  co±pose'd  of  one  digit,  with 
remains  of  metatarsals  (metacarpals)  of  second  and  fourth  digits  (splint 
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Fig.  G91.- 
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Skull  of  EquHS  cahallits. 

witli  remains  of  an  anterior  seventh 
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bones);  grinders  arc  !'>■  m- 

3"3 

grinder  in  the  milk  dentition.  This  genus  is  only  known  in  the  domestic 
state,  but  is  probably  descended  from  one  or  several  of  the  species  of  horses 
which  lived  in  the  diluvial  period.  Asinus  tcsniojms  Heugl.,  the  wild  ass  of 
South-East  Asia,  the  ancestral  form  of  the  domestic  ass  (^JE.  asinvx); 
A.  hemionus  Pall.,  Dziguetai ;  A.  omrier  Pall.,  Kulan,  Mongolia.    The  Afiican 
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spLH-i...  (placed  witli  the  8ub-o;enus  inppothjrh  Sni.)  are  E.  ouagga  Gm.  • 
K  zebra  L..  Zebra ;  E.  BmrhvlU  Fiseli.,  Biireliell's  Zebni. 


Order  6.— Artiodactyla  (Paridkutata). 

ihiyidates  toith  2mired  digits,  of  which  the  two  outer  are  usually/ 
ntdimentarij,  the  two  middle  of  equal  size  and  rest  on  the  ground  ; 
often  loithoat  canine  and  incisor  teeth  in  the  upper  jaw  ;  grinders 
always  \oith  folds  of  enamel. 

Some  of  the  Artiodactyla  are  unwieldly  and  heavily  built,  some  are 
slender  and  graceful  animals,  sometimes  with  short,  sometimes  with 
long  limbs  ;  the  former  with  thick  naked  skin  and  a  covering  of  stiff 
bristles,  the  latter  with  a  thick  fur.  They  walk  mainly  on  the 
third  and  fourth  digits,  which  are  always  larger  than  the  two 
external  digits,  and  touch  the  ground  with  their  hoofs  (fig.  670  c  d). 
The  second  and  fifth  digits,  when  present,  may  also  take  part  in 
supporting  the  body,  but  are  usually  rudimentary,  placed  behind, 
and  do  not  reach  the  ground ;  they  may  be  reduced  to  the  remains 
of  their  metatarsals  (metacarpals),  and  not  be  visible  as  external 
digits;  this  is  the  case  with  both  of  them  in  Anop>lotherium  and  with 
the  external  one  in  the  posterior  three-toed  Hmb  of  Dicotyles. 

The  animals  belonging  to  this  order  may  be  arranged  in  two 
series  : — the  Pachydermata  and  the  Ruminantia.  The  Artiodactyla 
were  represented  in  the  older  tertiaries  by  forms,  Avhich  with 
the  Palceotheridce,  and  perhaps  descended  from  the  same  som-ce  as 
the  latter,  were  the  forerunners  of  the  Suidfe  and  the  Ruminants. 


Sub-order  1 .  Artiodactyla  pachydermata.  With  complete  dentition, 

always  with  canine  teeth  and  simple  stomach.     The  metatarsal 

bones  of  the  middle  digits  are  never  ankylosed. 

Fam.  Anoplotheridae.  Dentition  with  all  three  kinds  of  teeth  which  are 
arranged  in  a  contiiuious  ro\v  (/.e.,  without  diastema).  Anoplotlicrimn  coin- 
viit/iv  Cuv.  Fossil. 

Fam.  Suidae  *  (Setigera).  With  close  covering  of  bristles,  and  a  short 
proboscis-like  snout.  The  dentition  (fig.  692)  includes  all  the  kinds  of  teeth, 
but  the  rows  of  teeth  are  not  perfectly  continuous.  The  4 — 6  incisors  are 
placed  in  an  obliquely  horizontal  position,  and  fall  out  in  old  age.  Canines 
usually  much  elongated  and  triangular,  and  in  the  male  as  powerful  weapons 
(tusks).  There  are  6 — 7  grinders  with  folded  enamel  in  each  jaw  (on  each 
side).  Only  the  two  middle  digits  rest  on  the  ground,  while  the  smaller  external 

*  Herm.  v.  Nathusius,  "  Vorstudien  f  Ur  Geschichte  und  Zucht  der  Hausthiere, 
zuiuichst  am  Schweineschfidel."  Berlin.  1804  :  niid  '•  Die  Riicen  des  Schweines," 
181)0. 
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digits  are   placed   behind    (fig.   070   c).     Phaeochcern.s  (Pthiopicm  Cuv., 
Wart-hog,  South  Africa  ;  Ph.  uEliamts  Eupp.  (Sus  nfricanns  L.),  found  from 
Abyssinia  to  Guinea;    Pomis   bahyrmm   L.,   The  Babj^russa,  Moluccas; 
Di'coti/les,  Peccaries.    I),  torqmtus  Cuv.;  B.  lahlatns  Cuv.,  America  ;  Potamo 
c/iceriis  afriGanus  Schreb.  (larratus  Fr.  Cuv.),  South-West  Africa  ;  Sm  mropceus 

3-3        1-1  4-4  3-3 

Pall.  iS.  scrofa  L.),  Wild  Boar.  Dentition  c-  ^rj-      '"■        "'•  s-g" 


is  wdely  distributed  from 
India  to  Western  Europe 
and  North  Afiica.  Is  the 
ancestral  stock  of  a  great 
number  of  races  of  our 
domestic  pig  ;  though  on 
the  other  hand  the  pigs 
of  China,  Cochin-china, 
and  Siam,  and  the  Nea- 
politan, Hungarian,  and 
Andalusian  pigs,  the  small 
Bilndtner  pig  and  the  Peat 
pig  from  the  more  recent 
stone  period  (neolithic)  of 
the  Swiss  lake  dwellings  are  derived  (Nathusius)  from  a  special  ancestral 
species  (iS'.  inclictis),  which  is  not  known  with  certainty  in  the  wild  state,  but 
is  allied  to  the  S.  nttatxLS  Miill.  Schl.  from  Java  and  Sumatra. 

Fam.  Obesa.  Of  unwieldy  shape,  with  large  massive  head,  and  broad 
truncated,  swollen  snout.    Hiiipopotamnx  amplnhius  L.    Dentition  : — 

•  .  2-2     1-1  4-4  .„  3-3 

t.           C.           V.  111.  ■ —   

2-2     1-1  ^       44  3-3 

H.  mtijor  Cuv.,  diluvium  of  Central  and  Southern  Europe. 


Fig.  692. — Skull  of  Stif  gcrofa  fera. 


Sub-order  2.  Artiodactyla  ruminaiitia.*  With  incomplete  den- 
tition (fig.  693),  in 
wliicli  the  upper  in- 
cisors and  canines  are 
usually  not  devel- 
oped. On  the  other 
hand  there  are  eight, 
rarely  only  six  shovel- 
shaped  incisors  in  the 
lower  jaw.  The 
g'eneral  form  of  the 
The  quad- 


FlG.  69.3.— Skull  of  Cervng  canadensis. 

grinders   affords    tolerabh"   constant  cluiracteristics. 


*  Cf.  especially  G.  J.  Sundevall,  "  Methodische  Uebersicht  iiber  die  wieder- 
kauendcn  Thicre,"  2  Theile.  1847. 
Eiitimcyer,  "  Fauna  der  Pfahlbauten." 

Riitimeyer,  "  Versuch  einer  natiirlichen  Gcschichte  des  Rindes."  In  den 
DrnJt.srhr.  der  Schwnzev  natnrfovxch.  (rnclUcli..  Bd.  22  and  23. 
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rangiilar  crown  has  foxir  chief  prominences,  which  are  .separated 
by  deep  valleys,  which  are  not  filled  with  cement,  but  are  sometimes 
furnished  with  small  accessory  protuberances.  The  pra-molars  are 
small,  and  have  usually  only  one  or  two  protubeiunces.  The  meta- 
tarsal and  metacarpal  bones  are  always  ankylosed,  to  form  a  cannon 
bone  (fig.  Q70d). 

The  Euminantia  are  characterised  physiologically  and  anatomically 
by  rumination  and  by  the  structure  of  the  stomach  and  dentition  which 
is  correlated  with  this  peculiarity.  The  food  always  consists  mainly 
of  vegetable  substances,  which  contain  only  a  small  portion  of  albu- 
minous matter,  and  must, 
»U&  therefore,  be  eaten  in  great 

quantities.  In  this  relation, 
^  the  division  of  labour  be- 
tween the  acquisition  and 
reception  of  food  on  the  one 
hand,  and  its  mastication  on 
the  other,  is  an  advantageous 
arrangement,  which  is  fore- 
shadowed by  the  structure 
of  the  stomach  of  other  Mam- 
malia. The  animal  plucks 
and  swallows  its  food  while 
moving  freely  from  place  to 
place,  and  chews  and  masti- 
cates it  when  at  rest.  The 
act  of  rumination  depends 

itun;  J  Abomasumor  rennet  stomach;  O.  End  ^     complicated  struc- 

of  oesophagus :  OR,  (Esophogeal  groove ;  Z»,  he-     r  J- 

ginning  of  intestine.  turc  of  the  stomach,  which 

is  divided  into  four,  more  rarely  into  three,  peculiarly  connected 
divisions  (fig.  694).  The  superficially  masticated,  coarse  food  passes 
through  the  lateral  opening  of  the  esophageal  groove,  the  lips  of 
which  are  separate  from  one  another,  into  the  first  and  largest  division 
of  the  stomach— the  ^xamcA,  or  rumen  (fig.  694  Thence  it  passes 

into  the  small  reticulum  (F),  a  small  rounded  appendage  of  the  rumen, 
which  receives  its  name  from  the  net-like  folds  of  its  inner  surface. 
After  the  food  is  softened  by  the  secretion  which  is  poured  into  this 
division  of  the  stomach,  it  ascends  by  a  process  resembling  vomiting 
through  the  oesophagus  into  the  mouth,  and  there  undergoes  a  second, 
more  thorough  mastication  ;  it  is  then  returned  in  a  semi-liquid  form 
through  the  cesophageal  groove,  Avhich  is  now  closed  by  the  commg 


Fig.  G94. 
rumen  : 


—Stomach  of  a  Calf.  En,  PaiTuch  or 
B,  Reticulum  ;  O,  Manyplies  or  psalter- 
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together  of  its  lips,  into  the  small  third  division  of  the  stomach,  which 
is  called  the  2JsaUerium  on  account  of  the  numerous  leaf -like  folds  of 
its  inner  surface.  From  the  psalterium  the  food  enters  the  fourth 
stomach— the  longitudinally  folded  rennet  stomach,  ov  ahomasum,  in 
which  the  digestion  takes  its  further  course  under  the  influence  of 
the  secretion  of  the  numerous  peptic  glands.  In  only  a  few  cases — 
in  the  Java  Musk-deer  and  the  T ylopoda  (Camels  and  Llamas)— is 
the  psalterium  absent  as  a  separate  division. 

Fam.  Tylopoda.  Euminants  without  accessory  digits,  with  a  callous  sole 
coTering  all  three  phalanges  behind  the  small  hoofs.  The  prEemaxillaries  bear 
two,  in  the  young  animal  four-  or  six  incisor  teeth,  while  the  number  of  the 
lower  incisors  is  reduced  by  two.  There  are  also  strong  canines  in  both  jaws. 
There  is  no  separate  psalterium.  Anclieniari  lama  L.,  Llama  ;  A.  Imamco 
H.  Sm. ;  ^1.  Al])aco  Gm. ;  A.  xiengna  Gm.  All  on  the  west  coast  of  South  America. 

Camehis  dremedarim  L.,  Dromedary,  Grinding  teeth,        C.  lactriaims  L. 

two-humped  Camel  of  Tartary,  Mongolia. 

Fam.  Devexa  =  Camelopardalidae,  Giraffes.  With  very  long  neck,  long  front 
legs  ;  the  hind  legs  arc  much  shorter,  and,  therefore,  the  back  slopes  backwards 
Cameloijardalis  ffiraffa  Gm.,  wooded  plains  of  Central  Africa.  ^ 

Fam.  Moschidae.  Small,  slender  Euminants,  without  horns,  with  tusk-like, 
strongly-developed  upper  canine  teeth  in  the  male.  The  male  has  between  the 
navel  and  the  penis  a  glandular  sac,  in  which  strong-smelling  musk  accumulates. 
Moschvs  moscliifcrvx  L.,  high  mountains  of  Central  Asia,  from  Thibet  to 
Siberia  ;  Tragvlus  javamcv.s  Pall.,  mthout  musk-bag,  Island  of  Sunda. 

Fam.  Cervidae  (Deer).  Of  slender  build,  with  horns  in  the  males,  and  two 
rudimentary  digits.  In  almost  all  cases  there  is  a  brush  of  hairs  on  the  inside  of 
the  hind  foot,  which  affords  a  good  means  of  distinguishing  deer  from  the 

antelopes.  Upper  canines  often  present  in  the  male.  Grinding  teeth  : — - 
The  horns,  which,  except  in  the  Reindeer,  arev  confined  to  the  male,  are  of 
systematic  importance  ;  they  are  solid  dermal  bones,  which  are  attached  to  a 
bony  process  of  the  forehead,  and  are  detached  at  regular  periods  from  the 
thickened  circular  base,  cast  off,  and  renewed.  They  feed  on  leaves,  buds,  and 
shoots.  The  females  have  four  mammae,  hwt  usually  bear  only  one  young. 
Australia  and  South  Africa  only  are  without  Ccrvidre.  Fossil  species  first 
appear  in  the  middle  tertiaries.  Cervnx  capreolus  L.,  Roe-deer;  C.  clapli^vn,  L. 
Red-deer  ;  C.  canadensis  Priss.,  North  America  ;  C.  oampciitris  Cuv. ;  Davia  vul- 
garis Brook,  Fallow-deer  ;  3Ic-f/accros  hibcrnicvs  Ow.  {curycerox).  extinct  Irish 
elk  of  the  diluvium  ;  Alcc.-< pabnatnx  Klein  =  C.  alecs  L.,  Moose  or  Elk,  in  North 
Europe,  Russia,  and  North  America:  Mangifcr  tarandus  H..  Sm.,  Reindeer, 
antlers  in  both  sexes,  with  numerous  broadly-projecting  prongs  ;  they  are  used 
as  beasts  of  burden,  and  for  draught  and  riding,  by  the  Laps. 

6 

Fam.  Cavicornia.   Without  canine  teeth,  with  -  grinders  and  hollow  horns  in 

6 

both  sexes.    All  are  gregarious,  and  most  polygamous. 

Sub-fam.  Antilopinae.  Antilopc  dorcas  Licht.,  Gazelle,  Africa  ;  Saiga  saiga 
Wagn,,  steppes  of  Asia ;  Hip2)otragus  eqninus  Geofifi-.,  Blaubock  of  South 
Africa  ;  B.  oryx  Blainv.  ;  77.  adda-r  Wagn.,  Africa  ;  Strepsierros  Kudv.  Gray, 
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Africa  ;  Biihalh  pj/ijanja  Smidv.,  Buntbock,  Routb  Africa  ;  Cntohh-pm  qwi ,  the 
Gjm,  plains  of  Soutla  Africa  ;  Rii.piiutpra  rvpirnpra  Pali.,  Chamois,  Pyrenees  and 
Alps. 

Sub-fam.  Ovinse.  Oris  arirs  I..,  domestic  sheep,  of  which  numerous  races 
are  distributed  over  the  whole  earth  (German  sheep,  Haideschnucke,  Merino, 
Zackelschaf,  Fat-tailed  sheep).  Tliere  was  a  domosticated  race  of  sheep  in  the 
stone  age.  The  Mouflon,  O.  iwuHimon  Schreb..  and  the  Argali.  O.  avf/ali  Pall., 
living  in  Northern  and  Central  Asia  have  been  often  regarded  as  the  wild 
ancestral  species.  Cap7-a,  Goats,  and  Ibexes.  C.  ihrx  L.,  Stcinbock  of  the 
Alps;  C.  aigdgriix  L..  Bezoar-goat,  Caucasus;  C.  hircm  L.,  Domestic  (ioat. 
numerous  races,  distributed  everywhere. 

Sub-fam.  Bovins.  Ovihox  moxchatua  Blainv.,  Musk-ox  of  Noi-th  America; 
Bison,  eurojjoius  Ow.  (improperly  called  Auerochs)  ;  Ji.  amcr'ieanm  Gm.  : 
//(/.//e^w-sf  L.,  Indian  buffalo  ;  B.  caffevlj.  ;  Pwpluuins grnnnicnKlj..  Yak. 
Thibet  and  Mongolia,  domesticated;  Bost  f/aurm  H.,  Sm.,  Gaur,  East  Indies  : 
B.  indicvs  L.,  Zebu;  B.  primigcniuy  Boj..  diluvial,  lived  in  CiEsar's  time  in 
Germany  (called  '-Ur"  in  the  Nibelungen-Liede),  still  preserved  in  a  semi-wild 
condition  in  Chillingham  Park.  Cuvier  regarded  them  as  the  ancestral  form  of 
the  domestic  ox,— ^.  tanrm  L..— and  there  can  be  no  doubt  that  the  Friesland 
or  Holstein  ox  is  to  be  referred  to  B.  primigcn'u(.s.  Riitimeyer  has  recently 
shown  that  a  second  species,  which  existed  in  the  diluvial  period.  B.  hraclnjccrvs 
Ow.,  is  to  be  regarded  as  the  ancestral  speties  of  the  domestic  ox. 


2.  DECIDUATA. 

Order  7. — Proboscidea. 

Midtiungidates  of  very  large  size,   loith    long  2^^'ol^oscis,  tohich 
functions  as  a  2^fehensile  organ  ;  loith  comjiound  grinding  teeth,  and 
tusks  in  the  pra}nmxillre. 

The  thick  hide  is  folded,  and  is  only  sparsely  covered  with  haii's. 
There  is  a  tuft  of  hairs  on  the  tail.  The  head  is  short  and  deep,  is 
swollen  by  chambers  in  the  frontal  and  parietal  bones,  and  possesses 
a  long  movable  proboscis.  The  ■  occipital  region  descends  abruptly, 
and  almost  perpendicularly.  The  perpendicularly-placed  prjemaxillai 
with  their  large  rootless  tusks,  are  enormously  developed.  In  the 
Mastodonta  there  are  also  two  incisor  teeth  in  the  lower  jaw,  which 
soon  fall  out  in  the  female,  but  in  the  male  are  I'etained  as  tusks. 
There  are  no  canines.  According  to  the  age  one,  two,  or  sometimes 
even  three  grinding  teeth  are  present  in  each  jaw ;  they  are  com- 
posed of  a  number  of  parallel  dental  plates  placed  behind  one  another. 
In  the  genus  Khphas  these  plates  are  connected  with  cement,  and 
present  on  the  masticatory  sui-face  transverse  rhombic  spaces,  boundeil 
by  enamel  substance.    In  the  Mastodonta  the  cement  is  al>ent,  and 
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there  are  mammillary  pi'ominences  on  the  masticatory  surface. 
According  to  Owen,  there  are  thi-ee  pi-aj molars,  and  the  same  number 
of  molars.  There  are,  however,  never  more  than  three,'  usually  only 
two  grinding  teeth  above  the  gum  at  the  same  time ;  for  tlie  hinder 
teeth,  Avhich  increase  in  size  and  number  of  lamelL'p,  only  appear 
after  the  anterior  have  fallen  out.  At  first  each  half  of  the  jaw  has 
one  grinder,  behind  which  a  second  is  soon  develojjed.  Latei-  on  the 
front  one  is  worn  out,  and  falls  out,  and  then  a  new  tooth  makes  its 
appearance  behind  the  second.  The  cylindrical  limbs  end  with  five 
digits,  which  are  connected  as  far  as  the  small  hoofs.  The  females 
have  a  two-horned  uterus,  and  two  thoracic  mammfe.  The  placenta 
is  zonary.  Elephants  live  together  in  herds,  and  inhabit  damp, 
shady  places  in  the  hot  parts  of  Africa  and  India.  They  possess 
great  intelligence,  and  when  tamed  are  extremely  useful  animals 
They  were  used  even  in  antiquity  as  beasts  of  burden  in  war  and 
in  the  chase. 

Fam.  Elephantidae.  Mejjhas  indwus  Cuv.  The  traasvcr.se  spaces  of  the 
molars  in  the  form  of  narrow  bands,  with  almost  parallel,  finely  folded  edo-es. 
Head  very  deep,  with  concave  forehead  and  relatively  small  ears.  Attains  a  height 
of  ten  to  twelve  feet.  Ceylon  and  India.  Jhe  Elephant  of  Sumatra.  a<'cordiug 
to  Temmink,  belongs  to  a  special  species  {E.  mm.atranvs').  E.  prim/ujcmm 
Blumb.,  Mammoth,  diluvial ;  E.  (JLoxodoii)  Africami..<^  Blumb.  The  transverse 
spaces  of  the  molars  are  lozenge-shaped  and  less  numerous.  Skull  less  deep 
Ears  very  large.  Central  and  South  Africa.  Mastodon  f/lr/nnfenm.  Cuv.' 
diluvial  in  North  America. 

The  miocene  genus  Dinotherium  Kp.  is,  according  to  its  skull, 
closely  allied  (and  therefore  included  with)  the  Proboscidea.  Its 
extremities,  however,  have  not  yet  been  found,  and  the  view  that  it 
is  allied  to  the  Sirenia  cannot  be  directly  contradicted.  In  the 
dentition  there  are  no  incisors  in  the  prsemaxilla?,  while  there  are  two 
large  downwai-dly  curved  tusks  in  the  lower  jaw.    Grinding  teeth 

^,  with  two  to  three  rows  of  transverse  tubercles.    D.  giganteuia  Ivp 
Eppelsheim. 

The  Lamnungia  are  usually  separated  as  a  distinct  order,  and  arc 
placed  near  the  Elephants.  They  are  small  and  resemble  the  Arjouti ; 
in  their  dentition  they  are  intermediate  between  the  Rodents  and 
Pachyderms,  and  in  the  formation  of  their  feet  show  resemblance.s  to 
the  Tapirs  and  have,  therefore,  often  been  placed  with  the  Pachyderms 
The  body  is  clasely  haired,  the  front  feet  have  foiir  digits  the 
posterior  three,  all  of  which  are  provided  with  small  hoofs 
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Hyrax.     Dentition:   2  o  o  [7]  ['•  i^'- ^     ^'-^'^      ||].     JL  capemu 

Schreb.,  Daman,  Dassy,  K(K'k-iabl)it ;  //.  Kyrianis  Kchreb.  (Fig.  (;95)  ;  jirobably 
the  Coney  (Saphan)  of  the  Old  Testament. 


Order  8.    Rodentia  =  Glires. 


WitJi  freely  movable,  clawed  digits.     Dentition  with 


1  (2) 


chisel- 


shajjed  incisors,  grinding  teeth  with  transverse  enamel  folds,  a/nd 
loithout  canines. 

The  Rodentia  are  a  large  group  of  small,  active  Mammalia.  They 
ni-e  easily  recognizable  by  the  dentition  and  structure  of  the  teeth. 

The  order,  nevertheless, 
includes  many  forms 
transitional  to  the  Insec- 
tivora.  Rodents  are  plan- 
tigrade animals,  with 
freely  movable  digits, 
which  are  usually  armed 
with  claws,  only  rarely 
Fig.  695.-%raa!  syriacm.  ^^j^  arched  nails,  or  even 

hoof -like  nails.  They  all  feed  on  vegetable,  usually  hard  substances,, 
especially  on  stalks,  roots,  seeds,  and  fruits.  Only  a  few  are 
omnivorous. 

There  are  two  large  chisel-shaped, 
somewhat  curved  incisors  (fig.  696), 
which  possess  enamel  only  on  their 
anterior  surfaces.  The  posterior 
surface  is,  therefore,  quickly  worn 
away  by  use,  and  the  more  so  since 
the  arrangement  of  the  narrow, 
laterally  compressed  glenoid  cavity 
necessitates  an  antero-posterior 
movement  of  the  lower  jaw  during  mastication.  The  wearing  away  is 
compensated  by  a  proportionate,  continous  gi-owth  of  the  tooth.  The 
crrinders,  which  are  separated  from  the  incisors  by  a  wide  gap,  possess 
usually  transversely  arranged  folds  of  enamel,  and  are  only  tubercula- 
ted  when  the  animal  is  omnivorous.  When  these  teeth  are  being  used 
the  lower  jaw  is  drawn  so  far  back  that  the  incisor.s  are  not  rubbed 
asimst  one  another,  and  the  lower  jaw  is  moved  backwards  and 


Fig.  696.— Skull  of  Crieettis  vulgaris  (after 
Giebel ;  Broim's  Classen  uud  Ordntmg- 
eii). 


RODENTIA. 


321 


forwM'ds  in  the  longitudinal  direction,  in  correspondence  with  the 
position  of  the  transverse  folds  of  enamel.  Many  of  them  build 
nests,  dig  out  complicated  burrows,  and  lay  up  stores  for  the  winter. 
The  latter  usually  possess  cheek-pouches.  Some  fall  into  a  deep 
winter  sleep  at  the  cold  time  of  the  year,  others  migrate  in  large 
flocks.  They  produce  numerous  young,  some  of  them  four  or  six 
litters  in  the  year,  and  possess,  accordingly,  a  great  number  of 
abdominal  and  thoracic  mammse.  Uterus  usually  completely  divided ; 
placenta  discoidal. 

Fam.  Leporidse.    With  long  ears,  powerful  hind  legs,  and  short  tail.  Den- 

+^f,-^r,    1  0  5  (6^  r.  2-2        0-0  3-3       3-3"l  ^, 

tition  :  —  ^ — a;  1      _   c.  _  p.m.        m.  ^  !•  In  the  prfemaxillas  there 

are  two  posterior  accessory  incisors  {DujMcidentata).  Lcjnis  tiinidm  L., 
Hare;  L.  variahih's  Pall.  Alpine  hare;  L.  cnnievlus  K.,  Rabbit ;  Lagomys,  Pikas. 
L.  alpinns  F.  Cur.,  barely  a  foot  in  length,  Siberia:  L.  princeps  Eichards, 
Rocky  Mountains. 

Fam.  Subungulata.    Grinders,  1   The  feet  have  naked  soles,  and  end  in 

front  with  four,  and  behind  usually  with  thi-ee  toes.  Cavm  aperea  L.,  Aperea, 
in  Brazil  and  Paraguay  ;  C.  cohaija  Schreb.,  the  tame  Guinea-pig ;  Ccelogemjs paca 
L.,  the  Paca,  Brazil ;  Dasyproota  aguti  L.,  the  Agouti  ;  Hydroehcerus  capyhara 
Erxl.,  the  Capybara,  four  feet  in  length,  the  largest  of  living  rodents. 

Fam.  Aculeata.  With  short,  obtuse  snout,  and  spines  on  the  dorsal  side  of 
the  body.  Cercolabcs  2>reJien.nUs  L.,  the  Kuandu,  BrazU  ;  Ercthizon  dormtiis 
L.,  North  America  ;  TIy.Hrix  cristatus  L.,  Porcupine,  Italy  and  Spain. 

Fam.  Octodontidae.  Ortodon  Cmnhigii  Benn.,  Chili;  Myopotamm  coypvs 
Geoff.,  the  Coypu,  distributed  from  Brazil  to  Patagonia. 

Fam.  Lagostomidae,  Chinchillas.  Erioviys  lanigera  Benn.,  the  Chinchilla 
Chili ;  Lagidium  Ouvieri  Wagn. ;  Lago.stomns  trirhodactylm  Brookes,  Viskatscha, 

Fam.  Dipodae.  Jerboas.  With  very  long  hind  legs,  which  serve  for  jumping, 
and  large,  usually  tufted,  jumping  tail.  Jaculn,<t  lahradovius  Wagn..  Hiipfmaus  • 
JDlpuH  Mgyptlm  Hemjir.  Ehrnb.,  Arabia  ;  B.  sagltta  Schreb.,  Sea  of  Aral  \ 
Pfdctc.s  eaffer  111.,  Cape  jumping  hare  (Springhase),  South  Africa. 

Fam.  Muridae.    Mice.    Grinders  :  |.  With  large  eyes  and  ears,  and  long 

sometimes  tiairy,  sometimes  ringed,  scaly  tail.  Cricetus  frumcntarm,^  Pall., 
the  Hamster  ;  with  internal  cheek  pouches  ;  constructs  subterranean  passages' 
and  chambers,  in  which  it  accumulates  winter  provisions.  It  passes  through  a 
short  winter  sleep,  and  is  very  hurtful  to  corn-fields.  J//,.s-  rattvfi,  L..  House-rat 
Black  Rat  ;  M.  decumanm  Pall.,  Grey  Rat ;  M.  musculm  L.,  House  Mouse  • 
M.  minutns  Pall,  {pcndvlhtim)  ;  HydromyH  clirysogaster  GeoflEr.,  Australia 

Fam.  Arvicolidae.  Voles.  With  thick,  broad  head,  rootless  gi-inders,  .short, 
hany  ears  and  tail.  Arvicola  amphihiuH  L.,  Water-rat ;  A.  arralis  Pall.  Field- 
mouse  ;  A.  agrntis  L. ;  Hypudmv.  glareolus  Schr.  ;  Myodcs  lemmv-^  J..,  the 
Lemming,  on  high  mountains  of  Norway  and  Sweden,  known  by  its  mi -rations 
m  immense  flocks  before  the  approach  of  the  cold  weather.  Fiber  zihcflrirv, 
L.,  North  America. 
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Fnra.  Georhychidag.  Hjialax  typlihitt  I'all.,  Hlindmouse,  Soulli  East  Europe  : 
Oeovhychun  (■(ij>rn.sia  Pall. 

Faui.   Castoridae.   Beavers.    Grinders  :  ^-  With  flat,  scaled  swimming-tail- 

Two  glandular  sacs  wbicli  secrete  the  castoreum  open  into  the  ]irepuce.  Cantor 
fiber  L.,  the  common  Beaver. 

Fam.  Myoxidae.  Dormice.  Connecting  links  between  the  Mice  and  Squirrels. 
Myoxvx  Gils  Schreb.,  Dormouse  ;  3f.  {Mu-'icardinuii)  .avdl anarmfi  L.  ;  M. 
(^Eliomy.<<)  nifrla  Sclireb. 

Fam.    Sciuridae.   Squirrels.  Grinders :  Seinrus  t-ulgaris  L.,  Europe 

and  North  Asia  ;  Tamias  strmtiis  L.  ;  Pteromys  volans  L.,  Flying  Squirrel, 
Siberia  ;  SpermojMvs  Citillvti  L.,  East  Eui'ope  ;  Arotomys  maiTnota  Schreb., 
the  Marmot,  Alps;  A.  hohac  Schveb.,  Poland.' 


Order  9, — Insectivora. 

Plantigrade  Mammals  with  clawed  digits,  with  complete  dentition, 
small  canines,  and  sharp-pointed  grinders. 

Small  Mammals,  which  resemble  in  their  appearance  different  types 
of  Rodents,  but  in  structure  and  mode  of  Kfe  lead  to  the  Carnivora. 
The  head  ends  with  a  pointed  snout,  which  is  often  elongated  Uke  a 

proboscis.  The  external  ears 
are  sometimes  lai-ge,  and  some- 
times reduced ;  the  eyes  are 
always  small  and  reduced,  and 
sometimes  hidden  beneath  the 
fur.  The  dentition  (fig.  697) 
is  especially  important,  and  re- 

FiG.  697.-Skull  of  Erinacem  enropa^u..  gembles  that  of  the  insectivorOUS 

Bats.  All  the  three  kinds  of  teeth  are  present.  The  incisors  are 
usually  of  considerable  size,  but  of  variable  number.  The  canines 
are  not  always  clearly  distinguished  from  the  incisors  and  the  front 
grinders.  The  grinders  are  numerous,  and  have  sharply-tuberculated 
crowns,  and  are  divided  into  anterior  prsemolars,  of  which  the  pos- 
terior corresponds  to  the  carnassial  tooth  of  the  true  Carnivora,  and 
into  posterior  molars,  which  are  characterized  by  being  composed  of 
prismatic  divisions.  All  are  plantigrades,  with  naked  soles,  and 
usually  five-toed  feet,  armed  with  strong  claws.  The  mamma^  are 
abdominal  ;  the  placenta  is  discoidal.  They  feed  on  small  animals, 
principally  on  Insects  and  Worms,  which  they  destroy  in  great 
numbers,  thereby  benefitting  man. 
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Fam.  Erinaceidae  (Hedgehogs).    Back  covered  with  stiff  bristles  and  spines, 

which  afford  a  complete  protection  to  the  animal  when  the  body  is  rolled  into 

a  ball  by  the  action  of  the  strongly-developed  cutaneous  muscles.  Ermaceus 

3  7  r     3'3      O'O  4"4 
europcRus  L.,  Hedgehog,  Urchin,  with  36  teeth :  --g.    i.        c.  p.m. 

m.  ^^\.   Digs  holes  with  two  exits  aboiit  a  foot  deep  in  the  earth  and  hiber- 

nates.  MfosniLis  Schreb.,  Ofive  Hedgehog ;  Centetes  ecaudatus  Wagn.,  Tanrec, 
Madagascar  ;  snout  elongated  like  a  proboscis. 

Fam.  Soricidae  (Shrews).  With  proboscis-like  snout,  soft  fur,  and  tail  covered 
with  short  hairs.  Peculiar  glands  on  the  sides  of  the  body  or  at  the  root  of  the 
tail  give  the  true  Shrews  an  unpleasant  musty  smell.  Cladoiates  tana 
Wagn.  ;  Cl.  murimis  Mlill.  Schl.,  Borneo ;  Macrosoelides  typicus  Smith, 
South  Africa.  Sorex  ;  with  28  to  33  teeth  ;  8.  vulgaris  L.,  Common  Shrew- 
mouse  ;  S.  fodiens  Pall.,  Water  Shrew-mouse ;  S.  pygmceus  Pall.  Myogale 
moschata  Pall.,  the  Desman,  as  large  as  the  Hamster,  South  Bast  Eussia. 

Fam.  Talpidae  (  Moi  es) .  With  short,  laterally-directed  digging  feet,  soft  velvety 

.         ,      ,      .      „  ,  *.-4.-        3  1  3  1  4   /.  3-3       11  3-3 

fiir,  and  proboscis.    Talpa.    Dentition:  _  -  -      -        —    c.  — •  p.m.  — 
'       ^  ^  4  1  2  I  4  V    4-4       1-1  2-2 

4'4  N 

m.  —   =  44  ).    T.  europcea  L.,  Mole,  constructs  an  ingenious  subterranean 
4-4  / 

dwelling,  which  communicates  by  a  long  gallery  with  the  daily  multiplying 
burrows  which  the  animal  makes  in  hunting  for  food.  The  nest  consists  of  a 
softly-lined  central  chamber  and  two  circular  passages,  of  which  the  upper  one 
is  the  smaller,  and  communicates  by  three  passages  with  the  central  chamber, 
while  the  lower  and  larger  lies  in  the  same  plane  as  the  chamber.  Five  or  six 
communicating  passages  pass  from  the  upper  circular  passage  into  the  lower, 
from  which  a  number  of  horizontal  passages  radiate,  and  usually  curve  round 
and  open  into  the  common  gallery.  T.  cceca  L.,  the  Blind  Mole  of  South 
Europe  ;  ChrysocMorys  inaurata  Schreb.,  Cape  Golden  Mole ;  Coiidylura 
cristata  L.,  the  North  American  Star-nosed  Mole  ;  Scalops  aquatimis  L.,  Water 
Mole,  North  America. 


Order  10. — Pinnipedia. 

Hairy  aquatic  Mammalia  vnth  five-toed  fin-like  feet,  of  which  the 
posterior  are  directed  backwards ;  with  complete  dentition ;  without 
caudal  fin. 

The  body  is  elongated,  spindle-shaped,  possesses  four  fin-like  feet,  and 
ends  with  a  shoi't  conical  tail.  The  head  is  very  small  in  proportion 
to  the  body,  of  globular  shape,  with  swollen  lips,  and  usually  without 
external  ears.  The  surface  of  the  body  is  covei-ed  with  a  short,  but 
close,  smooth  fur.  The  short  limbs  end  with  broad  swimming  fins, 
which  possess  five  digits,  armed  with  blunt  or  sharp  claws.  The 
movements  on  land  are  effected  in  the  following  way :  the  animal 
raises  the  anterior  part  of  its  body,  and  throws  it  forward;  it 
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employs  the  two  front  feet  as  supports  to  fix  the  body,  and  then  by 
bending  its  back  drags  the  hinder  part  forward.  In  swimming  the 
anterior  extremities  are  applied  to  the  body,  and  are  used  as  rudders, 
while  the  hind  feet  serve  as  swimming  fins. 

The  dentition,  which  is  usually  complete,  indicates  a  predatory 
mode  of  life,  resembling  that  of  the  true  Carnivora,  to  which  ordei- 
the  Pinnipedia  are  also  allied  in  other  anatomical  characters,  as  in 
the  possession  of  a  two-horned  uterus  and  a  zonary  placenta.  With 
regard  to  the  dentition,  however,  there  are  essential  differences  between 

3 

the  families  of  the  Walruses  and  Seals.    The  Seals  have  more 

2 

9  6  5 

rarely  ~  chisel-shaped  incisors,  small  canines  in  each  jaw,  and  ^^I^ 

jagged  grinders,  of  which  one  or  two  are  true  molars.  The  Walruses 
have  a  complete  dentition  only  in  the  young  stage ;  the  incisoi-s, 

3  1  . 

which  at  first  are  ^,  are  soon  reduced  to  -  in  the  prjemaxilla.  The 

canines  in  the  upper  jaw  are  transformed  into  huge  tusks,  which  are 
used  when  the  animal  crawls  on  land  to  fix  the  anterior  part  of  the 
body.  There  are  five  grinders  in  the  upper  jaw  and  four  in  the 
lower,  with  masticatory  surfaces  which  wear  away,  in  course  of  time, 
obliquely  from  within  outwards.  The  change  of  teeth  usually  takes 
place  during  embryonic  life.  The  Seals  live  principally  on  fish ;  the 
Walruses  on  sea- weeds,  Crustacea,  and  Molluscs,  the  shells  of  which 
they  crush  with  their  grinders. 

Fam.  Pliocidae  (Seals).  Pinnipedes  with  complete  dentition,  short  canines, 
and  jagged  molars.    Halichcervs  gryp^ts  Nilss.,  Utsel.    PJioca  vUvlina  L., 

Common  Seal,  -  ~  ~  ;  Ph.  qrcenlandica  Nilss.,  Northern  Seas  ;  Cyf^topliora 
'215  ^ 

cristata  Fabr.,  Greenland ;  Otaria  juhata  Forst.,  Sea-lion  of  South  America  : 
0.  (  (Jallovhinv.t~)  vrKina  Per.,  Sea-bear,  Greenland. 

Fam.  Trichechidse  (Walruses).  The  upper  canines  are  large,  rootless,  down - 
wardly-directed  tusks.  The  grinders  are  at  first  bluntly  pointed,  but  are 
gradually  worn  down,  and  eventually  reduced  to  three  in  each  ramus,  while  in 
the  upper  jaw  there  is  an  internally  placed  incisor.    Tricliechvs  rosmarus  L., 

2  (n  1  3  (4) 

Walrus  of  the  Polar  Seas.    Dentition  :  -  • 


^  Order  11. — Carnivora =Fer.e. 

Carnivorous  Mammalia  toith  predatonj  dentition,  without  or  with 
a  rudimentary  clavicle,  and  with  strongly-claioed  digits. 

The  Carnivora  are  distinguished  from  the  Insectivora  by  their  larger 
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size,  and  by  their  genuine  carnivorus  dentition  (fig.  698).  The  denti- 
tion contains  all  three  kinds  of  teeth  :  above  and  below  six  small 
incisors  with  single  roots,  and  at  their  sides  a  long,  conical  pointed 
canine  tooth ;  then  a  number  of  grinders,  which  are  distinguished 
into  prfemolars  {d.  sjmrii),  a  carnassial  tooth  {d.  sectorius),  and 
molars  {d.  molares).  We  never  find  prismatic  grinders  with  needle- 
shaped  points  on  the  crown,  as  in  the  Insectivora.  The  compressed 
and  sharp-edged  prtemolars  are  the  least  developed  ;  the  chai-acteristic 
carnassial  teeth  are  distinguished  by  the  size  of  their  cutting,  usually 
t\vo-or  three-toothed  crown,  and  often  by  the  possession  of  a  posterior 
bluntly-tuberculated  lobe  (upper  carnassial  tooth).  The  lower  car- 
nassial tooth  is  always  the  first  molar,  while  the  upper  is  the  last 
prtemolar.  The  true  molars  have  several  roots  ;  they  possess  bluntly- 
tuberculated  crowns,  and  vary  in  size  and  number.  The  external 
form  of  the  skull  and  dentition,  the  high  temporal  crest  of  the  skull 
for  the  attachment  of 
the  large  temporal 
muscle,  and  the  marked 
curvature  of  the  zygo- 
matic arch  for  the 
passage  of  the  same, 
the  transverse  articular 
ca\dty  (glenoid  cavity) 
of  the  tempoi-al  bone, 
and    the    cylindrical  Fia.  em.-s^n  of  Feiis  Leo. 

articular  head  of  the  lower  jaw,  which  restricts  the  motion  of  the  jaw 
to  the  vertical  plane  and  excludes  lateral  movements, — are  characters 
which  are  common  to  all  the  Carnivora,  and  coincide  with  the  form 
of  the  dentition. 

The  limbs  end  with  four  or  five  fi'eely -movable  digits,  which  are 
ai-med  with  strong  cutting  claws  (accessory  to  the  dental  apparatus), 
and  in  the  front  limbs  are  also  used  for  seizing  the  prey.  Only  a  few 
Carnivora,  as  the  Bears,  are  true  plantigrades  resting  the  whole  sole 
of  the  foot  on  the  ground;  others,  as  the  Viverridce,  only  place 
the  anterior  part  of  the  sole  (the  digits  and  metacarpals)  on  the 
ground ;  the  most  agile  of  the  Carnivora,  on  the  other  hand,  are 
digitigrade,  e.g.,  the  Felidce  (fig.  699.)  The  uterus  is  two-horned, 
the  placenta  zonary.  Most  Carnivora  have  peculiai-  anal  glands, 
which  emit  an  intense  odour.  The  Carnivora  are  found  in  all 
parts  of  the  world,  except  Australia,  where  they  are  replaced  by  the 
carnivorous  Marsupials.    Fossil  remains  first  appear  in  the  Eocene. 
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Fam.  Ursidae  (Bear-like  Garni vora).  Plantigrades  of  unwieldy  form,  witli 
elongated  snout,  and  broad,  usually  quite  naked  soles,  and  five  digits.  Urm« 
L.,  Bear.     Of  unwieldy  build,  with  very  short  tail.    Grinders  • 

4  12 

l^'/.e.  y.m..  II  earnaasial,        m.  g  J.     The  front  grinders  fall  out  early. 

U.  maritimvs  Desm.,  Polar  Bear,  Northern  Polar  Sea  ;  U.  arcfox  L.,  Brown 
Bear  :  Proeyon  lotor  L.,  Washing  Racoon,  is  wont  to  dip  its  food  in  water, 
North  America;  Nama  nifa  Desm.,  the  Coatimondi  (liiisselbar),  Brazil; 
CercolejJtcs  raudivolnihis  111.,  the  Kinkajou  (Wickelbar),  Guiana  and  Peru. 

Fam.  Mustelidae  (Marten-like  Carnivora).  Some  are  plantigrade  (Badger), 
some  semiplantig-rade  ;  body  elongated,  with  short  legs,  and  five-toed  feet  with 
non-retractile  claws ;  only  one  molar  behind  the  large  carnassial.  Meles  taxv.H 
Pall.,  Badger.    Mephitis  viesomclas  Licht.,  Skunk  (Stinkthier),  North  America. 

Chilo  Urealis  Briss.,  Glutton  ;  Mustela  martes  L,,  Pine-marten,  grinders  :     ^  ^ ; 

4  11 

M.foina  Briss.,  House-marten  ;  JI.  zibdhia  L.,  Sable-marten,  Siberia  ;  Putorius 
2mtorhis  L.  ;  P.  vulgaris  L.,  Weasel ;  P.  erminea  L.,  Ermine  ;  P.  lidreola  L., 
(Norz)  ;  Ivntra  mlgaris  Erxl.,  Common  Otter;  L.  canadensis  Schreb.,  North 
America  ;  Enhndris  marina  Brxl..  Sea  otter,  West  islands  of  North  America. 

Fam.  Viverridae  (Civets).  Body  elongated,  sometimes  cat-like,  sometimes 
marten-like  in  form  ;  with  jjointed  snout  and  long  tail,  which  is  sometimes  rolled 
up  into  the  form  of  a  ring ;  they  are  either  plantigrade,  semiplantigrade,  or 
digitigrade.  The  feet  have  five  digits,  and  the  claws  are  usually  entirely,  or 
half  retractile.    Half  the  foot,  or  only  the  toes,  are  placed  on  the  gi-ound. 

Viverra  ziictlia  L.  Grinders  :  i  \  |    With  large  glandular  sac  between  the 

anus  and  external  generatives,  in  which  the  oily  secretion  known  as  "  Civet," 
and  used  as  perfume  and  for  external  application  in  medicine,  accumulates. 

V.  zivetta  Schreb.,  the  African  Civet-cat,  domesticated  in  Egypt  and  Abyssinia  ; 

V.  genetta  L.,  the  Genet,  South  Europe  ;  Herpestes  ichneumim  L.,  the  Mongoose 
or  Ichneumon  (Pharaonsratte),  Egypt  and  South  Europe. 

Fam.  Canidse  (Dogs).    Digitigrades,  with  non-retractile  claws,  five-toed  front 

feet,  and  four-toed  hind  feet.    Cants  lupus  L.,  Wolf.  Grinders  :  ^  1    —  In 

^       '  4  1  2(1)  ■ 

Europe,  especially  Norway  and  Sweden,  also  in  Asia ;  C.  latrans  Sm.,  the 
Prairie  Wolf  ;  C.  aureus  L.,  the  Jackal ;  C.  fa  miliar  is  L.,  Dog  (cauda  sinistror- 
sum.  reourvata  L.).  The  numerous  races,  which  are  known  only  in  the  domesti- 
cated and  run-wild  state,  have  certainly  been  derived  from  more  than  one  ances- 
tral species.  C.  ruljjcs  L.,  Fox ;  C.  lagopvs  L.,  Polar  Fox,  gi-ay  in  summer, 
white  in  winter. 

Fam.  Hyaenidse  (Hyjena-like  Carnivora).    Digitigrades  with  sloping  back 
which  bears  a  mane  of  elongated  hairs.    The  dentition  i-esembles  that  of  the 
Cats  in  the  small  development  of  the  molars,  of  which  there  is  only  one  in  the 
upper  jaw.    Hymna  striata  Zimm.,  the  striped  Hysena  of  Africa  and  parts  of 
3  11 

India.   Grinders  3  ]^  q-       cvocuta  Zimm.,  the  spotted  Hysena  of  South  Africa. 

Fam.  Felidee  (Cats).  Digitigrades  of  slender  build,  adapted  for  jumping  ; 
with  short  jaws,  and  only  few  grinders — four  in  the  upper,  three  in  the  lower 
jaw.  Molars  absent,  except  one  small  tooth  above  projecting  transversely 
inwards.    The  canines  and  carnassials  are,  however,  so  much  the  more  power- 
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fully  developed.  The  anterior  of  tlie  two  prsemolars  of  the  upper  j  aw  is  reduced. 
In  walking,  the  last  phalanx  of  each  digit  is  raised  vertically,  so  that  it  does 
not  touch  the  ground,  and  the  claws  are  protected  from  wear.  Felis  leo  L., 
Lion  ;  grinders,  ?- -  I.  F.  concolor  L.,  Puma  ;  F.  tigris  L.,  Tiger,  Asia  ;  F.  onca 

L.,  Jaguar,  Paraguay  and  Uraguay ;  F.  pardalia  L.,  Panther-cat,  South 
America;  F.pardnsJj.,  Panther  or  Leopard,  Africa  and  West  Asia ;  F.  catus 
L.,  Wild  Cat,  grey,  with  stripes,-  and  transverse  bars  and  vertical  pupils, 
Central  and  Northern  Europe;  F.  manioulata  Eiipp.,  Nubian  Cat ;  F.  dome.ttica 
L.,  the  Domestic  Cat,  only  known  in  domesticated  state,  probably  descended 
from  several  species  ;  Cynailurus  guttata  Herrm.,  and  juiata  Schreb.  (Gueparde); 
F.  nerval  L.,  Serval,  Senegal ;  I/gnx  lynx  L.,  with  a  tuft  of  hairs  on  the  ear  ; 
L.  caracal  Schreb.,  Asia  and  Persia. 


Order  12. — Chiroptera. 

Mammals  with  comijlete  dentition  ;  with  a  flijing  membrane  {pata- 
gium)  extending  betiaeen  the  limbs  and  the  sides  of  the  body,  and 
between  the  elongated  fingers  of  the  fore-limb;  with  two  thoracic 
mammce. 

Amongst  the  Marsupials  {Fetaurus),  the  Rodents  {Fteromys),  and 
the  Prosimice  (Galeopithecits),  there  are  a  number  of  forms  which  are. 
assisted  in  jumping  by  a  kind  of  parachute,  which  consists  of  a 
cutaneous  expansion— the  patagium — stretched  between  the  limbs 
on  each  side.  The  patagium  is  much  more  completely  developed  in 
the  Bats ;  in  these  animals  it  is  continued  over  the  extraordinarily 
elongated  fingers  of  the  hand,  and  in  virtue  of  its  enormous  size 
and  its  great  elasticity  constitutes  a  true  organ  of  flight,  which, 
however,  differs  considerably  from  that  of  birds.  The  tail  is  included 
in  the  patagium,  but  the  thumb  and  the  foot  are  separate  from 
it  (fig.  699).  The  thumb  has  two  phalanges,  and  is  armed  with  a 
claw,  as  also  are  the  five  digits  of  the  foot.  Peculiar  outgrowths  of 
the  skin  of  the  head,  lobe-like  appendages  of  the  nose  and  ear,  often 
give  the  face  a  very  sti-ange  expression.  Except  upon  these  appen- 
dages, and  on  the  thin  elastic  patagia,  both  of  which  have  a  large 
supply  of  nerves  and  a  delicate  sense  of  touch,  the  surface  of  the  body 
is  closely  covered  with  hair.  The  skeleton  (fig.  699)  is  light,  and 
displays  in  its  structure  the  Mammalian  type ;  it  is,  however, 
distinguished  from  that  of  other  Mammalia  by  the  rigidity  of  the 
thoracic  framework,  and  by  the  length  of  the  strongly  developed 
sacrum,  with  which  the  ischia  ai-e  united.  The  possession  of  a 
crista  sterni,  and  the  ossification  of  the  sternocostal  cartilages,  and 
some  other  peculiarities  recall  the  skeleton  of  the  birds.  The 
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femur  and  cms  (middle  division  of  leg)  are,  unlike  the  corresponding 
parts  of  the  arm,  very  short.  A  spurlike  process,  called  the  caloar 
projects  from  the  inner  side  of  the  ankle-joint,  and  serves  for  the 
support  of  the  femoral  and  caudal  part  of  the  patagium.  Of  the 
sense  organs  the  eyes  are  relatively  slightly  developed,  but  on  the 
contrary,  the  senses  of  smell,  of  hearing,  and  of  touch,  are,  in 
correspondence  with  the  nocturnal  habits,  of  gi-eat  importance.  Spal- 
lanzani  has  shown  that  Bats  which  have  been  made  blind  are  able 
to  avoid  all  obstacles  in  their  flight  with  great  skill.  The  sense  of 
hearing  is  not  less  developed;  it  is  essentially  assisted  by  a  large 


Fig.  699.— Skeleton  of  Pteropue  (after  Owen,  sliKlitly  altered).  St,  Sternum ;  CI,  Clavicle  ; 
So,  Scapula ;  S,  Humerus  ;  S,  Radius ;  U,  Ulna  ;  D,  Thumb  ;  J7,  Ilimn ;  P,  Pubis  ; 
Js,  Ischium;  Fe,  Femur;  T,  Tibia;  F,  Fibula. 

pinna,  which  is  provided  with  special  lobes,  and  can  be  closed  hy 
a  valve. 

Bats  are  nocturnal  animals,  and  feed  on  Insects.  Amongst  the 
exotic  species  there  are  some  which  attack  Birds  and  Mammals, 
and  suck  their  blood  (Yampire)  ;  other,  and  especially  the  larger 
species  live  on  fruit.  Many  fall  into  a  winter  sleep.  They  bear 
only  one  or  two  young  at  a  birth,  suckle  them  with  their  pectoral 
mammary  glands,  and  carry  them  about  during  their  flight. 


Sub-order  1.  Frugivora  (Fruit-eating  Bats).  With  elongated 
dog- like  head,  small  ears,  and  short  rudimentary  tail.  The  index 
flnger,  which  has  thi-ee  phalanges,  often  bears  a  claw  as  well  as  the 
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thumb  (lig.  699).  The  other  fingers  have  two  phalanges,  and  are 
without  claws.  The  dentition  has  four  or  two  incisors,  which  often 
fall  out,  one  canine,  and  four  or  six  grinders  with  flat,  bluntly- 
tubei-culated  cro^vns.  The  prtemaxillse  are  loosely  united  with  one 
another,  and  with  the  maxillte.  The  tongue  is  beset  with  a  number 
of  backwardly-directed,  horny  spines.  They  inhabit  the  forests  of 
the  hot  regions  of  Africa,  East  India,  and  Australia.  Many  of  them 
are  eaten  on  account  of  their  well-flavoured  flesh. 

Fam.  Pteropidae  (Flying  Foxes).  The  small  ears  and  the  nose  are  without 
the  cutaneous  appendages  and  valves.     Pternpm  edidh  Geoff.,  Kalong,  East 


2  12 

Indies.  Dentition  •  j 


^     Ilarpilia  ceplialotcs  Pall.,  Amboiua. 


Sub-oi'der  2.  Insectivora  (Insect-eating  Bats).  The  snout  is 
short;  the  ears  are  large,  and  frequently 
covered  with  valves.  Grinding  teeth  sharply 
tuberculated  or  cutting,  and  composed  of 
three-sided  pyramids.  The  thumb  alone 
bears  a  claw.  Some  of  them  live  on  insects ; 
some  on  the  blood  of  warm-blooded  animals. 

Tribe  1.  Gymnorhina.  The  nose  is 
smooth,  and  without  foliaceous  appendages. 
The  praimaxillfe  are  firmly  ankylosed  with 
the  maxilla^.  The  ears  sometimes  meet  one 
another  on  the  top  of  the  head,  and  are  fic.  roo.-Head  of  p/,yJfo.<oma 
sometimes  widely  separate ;  the  valves  of  (v„myijni.i)  spectrum  (rhgne 
the  ears  vary  considerably.  auunai). 

Fam.  Vespertilionidae.  Tlie  long  and  slender  tail  is  entirely  included  in 
the  interfemoral  membrane.  Plecotiiff  am'itus  L.,  Long-caved  Bat  ;  Si/notvii 
harbastellns  Schreb.,  the  Barbastelle  ;  Vesjicrtilio  muvimis  Sclircb.  Dentition  : 

2  13  .3 

— ■  -    '-.    Vexperuna  noctnla  Schreb.  ;  V.  pinidrcllus  Schreb. 

3  13   3         ^  ^      J  I 

Fam.  Taphozoidse.  Tail  shorter  tlum  the  interfemoral  membrane.  The  l)ase 
of  the  thumb  is  within  the  patagium.  Tuphozous  Inncoptmis  Temm.,  South 
Africa;  Mystac'ina  turhnrcvlnfa  Gray,  New  Zealand. 

Tribe  2.  Phyllorhina.  Cutaneous  appendages  are  spread  on  and 
over  the  nose.  They  consist  of  a  horseshoe-shaped  anterior  leaf 
[ferrum  equiniim),  a  medium  saddle  [sella),  and  a  posterior,  usually 
vertical  lancet-shaped  leaf  (lancet)  (fig.  700).  The  prfcmaxilhe  are 
not  ankylosed  with  the  maxill?e.  Ears  separated.  Feed  partly  on  the 
blood  of  warm-blooded  Vertebrates,  which  they  attack  while  sleeping. 
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Fluii.  RhinolophidBB,  Ears  separated  witlioiit  tragus.  Rhimlophu»  hip- 
posido-os  Bechst.,  small  Horseshoe-uose.  Hk.  fervwm  equmitm  Shreb.,  large 
Horseshoe-nose  ;  Pki/Uorhin/i  //if/a}i  Wagn.,  Guinea. 

Fam.  MegadermidBB.  Tlie  large  ears  approximated,  with  long  tragus. 
Jleffoderma  lyra  GcofEr. ;  llhinopovia  microphi/Uum  GeoflEr.,  Egypt. 

Fam.  PhyllostomidaB.  With  thick  head  and  long  truncated  tongue.  Nasal 
appai-atus  usually  with  upright  lancet.    Ears  almost  always  separate,  with 

ear-valve.     Phijllostoma  hadatitm  Pall.,   Brazil.     Dentition  :  k  r  Vani- 

J/    1  i) 

pi/rus  spectrum  L.,  the  Vampire  of  Central  America. 


Ordei'  13. — Prosimle  (Lemurs). 


Arhoreal  animals  of  the  Old  World,,  with  comjolete  insectivor-like 

dentition,  loith  hands  and  pre- 
hensile feet,  without  a  closed 
orbit,  and  with  tltoracic  and 
abdominal  mamnioe. 

The  dentition  holds  a  posi- 
tion intermediate  between  that 
of  the  Carnivora  and  that  of 
the  Insectivora.  There  are 
usually  four  incisors,  of  which 
the  upper  are  separated  by  a 
wide  gap,  whUe  the  lower  pro- 
ject more  or  less  horizontally  ; 
there  are  projecting  canines, 
and  numerous  sharplj^-tuber- 
culated  giinders.  The  lower 
jaw  is  relatively  weak,  and  its 
two  rami  remain  permanently 
separate  at  the  symphysis.  The 
orbits  are,  indeed,  completely 
surrounded  by  a  bridge  of  bone,  but  are  not  shut  off  from  the 
temporal  fossa  as  they  are  in  the  Apes.  In  many  Lemurs  the 
clitoris  is  perforated  by  the  uretlira.  Uterus  two-horned  or 
double.  There  are  usually  several  pairs  of  teats.  The  anterior 
limbs  are  shorter  than  the  posterior.  The  great  toe,  like  the 
thumb,  is  opposable  except  in  Galeopithecxhs.  They  thus  have 
the  hands  and  prehensile  feet  of  Apes,  and  also  flat  nails  on  the 
extremities  of  the  fingers  and  toes,  except  in  Galeopithemis  and 
Chiromys  (tig.  701),  which  have  claws  on  all  the  fingers  and  toes. 


Fig.  701. — C/'iiromi/.i]madiigaSCarieHsis  from  Vogt 
and  Specht. 
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The  second  toe  of  the  foot  alone  forms  an  exception,  being  armed 
with  a  long  claw.  There  may,  however,  be  a  claw  on  the  middle 
toe.  The  tail  presents  great  variations  in  size  and  development,  but 
can  never  be  used  as  a  prehensile  taH.  The  Prosimice  inhabit  ex- 
clusively the  hot  regions  of  the  Old  World,  principally  Madagascar, 
Africa,  and  South  Asia.  They  are  almost  all  nocturnal  in  their 
habits,  climb  with  great  skill,  but  slowly  and  lazily,  and  feed  on 
Insects  and  small  Vertebrates. 


Fam.  Galeopithecidse^Dermoptera.  With  closely-furred  patagium,  which 
they  use  as  a  parachute  in  jumping. 
Lower  incisors  pectinated  and  inclined 
forwards.  They  are  most  nearly  allied 
to  the  Makis;  they  are  nocturnal  in 
their  habits,  and  live  partly  on  fi'uit  and 
partly  on  Insects.  During  the  day  they 
sleep  in  their  hiding-places,  suspended 
like  Bats.  Galeopithec  us  rolans  L.,  the 
flj-ing  Maki,  Island  of  Sunda. 

Fam.  Chiromyidse.  "With  rodent-like 
■dentition,  and  wdth  claw-like  nails  on 
the  fingers  and  toes.  The  large  opposable 
gi-eat  toe  of  the  hind  foot  alone  has  a 
flat  nail.  In  the  priemaxillas  and  in  the 
lower  jaw  there  are  two  large  rootless 
incisors,  which  project  obliquely  for- 
wards, and,  unhke  those  of  Eodents,  are 
covered  with  enamel  on  both  sides. 
Chirmnys  madu(iasmririisis   Desm.,  the 

Aye-aye,    permanent   dentition   j  ^  ^ 

(Fig.  701). 

Fam.  Tarsiidae  (Long-footed  animals). 
With  thick  head,  large  ears  and  eyes, 
short  snout,  much  elonged  proximal  tar- 
sal bones  (calcaneum  and  naviculare), 
and  long  tail.  The  middle  toe  as  well 
as  the  second  may  be  armed  with  a 
claw  {Tarsius).  In  their  appearance  they  resemble  the  Hazel-mice  (^31i/o.vus 
avellanarivs),  in  their  movements  the  Squirrels.  Tarsius  sjjectruui  Geoffr., 
(Gespcnstniaki). 

B'am.  Lemuridae.  The  lower  incisors  directed  horizontally  foi-wai'ds.  Only 
the  second  hind  toe  has  a  claw-like  nail.  Ste>ioj}s  (/racilu  v.d.  Hoev.,  the 
slender  Lori,  Ceylon  ;  NycticehuK  tardvjradus  L.,  the  unwieldy  Lori,  East 
Indies  and  Kland  of  Sunda  :  Liahatwtus  brevicaudaUis  Geoffr.,  Indri  of 
Madagascar :  ProjntJiceus  diadema  Wagn.,  Vlissmaki  of  Madagascar.  Lemur 

eatta  L.,  macaco  L.,  nwngoz  L.,  Makis,  Madagascar  :  Dentition  2(2LLi  1  A 

2     1  3  I  5  ' 

■Otoliciuif  fcnegalensis  Geoffr.,  the  common  Galago  (Fig.  702),  Africa. 


Fig. 


702. — Otolicims  galago  from  Vogt 
and^Specht.J 


332 


MAMMALIA. 


Order  14. — Primates  L.,  Pitheci*  (Apes). 

9 

With  cumjjiete  dentitwn  and  chisel-shaped  incisors  in  closed  series 
on  each  side  ;  itsitallij  with  2)rehensile  feet  on  the  hind  limbs,  and  as  a 
rule,  with  hands  on  the  front  limbs;  ivith  closed  orbit  and  two  pectoral 
mainmce. 

The  Apes,  as  a  rule,  are  of  slender  build,  corresponding  with  their 
quick  and  easy  movements  as  arboreal  animals ;  there  are,  however, 
heavy  unwieldy  forms,  which,  as  the  Baboons  {Cynocephalidoi),  avoid 
forests  and  inhabit  rocky  mountain  regions.  The  body  ls  more  or 
less  closely  covered  wdth  hairs,  except  on  the  face,  which  is  naked  in 
parts,  and  the  callous  parts  of  the  buttocks  (ischial  callosities).  The 
hair  is  often  longer  in  places  on  the  head  and  trunk,  forming  tufts 
and  manes.  The  human  look  of  the  face  depends  mainly  upon  the 
slight  prominence  of  the  jaws,  and  is  greatest  in  the  early  part  of 
life.  The  faci  al  angle  of  the  adults  rarely  exceeds  30° ;  but  in  one 
case,  viz.,  in  Ghrysothrix  sciurea,  is  almost  twice  that  size.  With  the 
increase  in  size  of  the  brain,  the  cranial  capsule  becomes  rounder,  and 
the  foramen  vnagnum  gradually  moves  from  the  posterior  part  on  to 
the  lower  surface.  The  pinna,  of  the  ear  also  has  a  human  look,  as 
has  also  the  position  of  the  anteriorly  directed  eyes.  The  orbits  are 
completely  closed  towards  the  temporal  fossae.  Further,  the  mammae 
are  two  in  number  and  pectoral  in  position,  as  in  Man.  Finally,  the 
dentition  and  the  structure  of  the  extremities  (fig.  703)  are  so 
similar  to  those  of  Man,  that  he  has  been  placed  in  the  same  oi*der 
as  the  Apes.  There  are  in  each  jaw  four  chisel-shaped  incisors, 
which,  as  in  Man,  are  placed  close  to  one  another  without  any 
interval.  There  are  projecting  conical  canmes,  and  in  the  Apes  of  the 
Old  World  five,  in  those  of  the  ISTew  World  six  bluntly-tuberculated 
grinders,  the  form  of  which  indicates  that  the  diet  is  mainly  vege- 
table. The  size  of  the  canines,  which  project  almost  as  much  as 
those  of  the  Carnivora,  occasions  the  presence  of  a  considerable  gap 
between  the  canines  and  the  first  prjemolars  of  the  lower  jaw. 

The  anteiior  limbs  are  usually  longer  than  the  posterior.  A 
clavicle  is  always  present.  The  forearm  permits  of  a  rotation  of 
the  radius  round  the  ulna,  and  accordingly  of  the  pronation  and 
supination   of   the   hand,  the   fingers  of  Avhich,   except  in  the 

*  Vrolik. "  Eccherchcs  d'anatomie  comp.  siir  le  Chimpaiize,"  Amsterdam,  184 1. 

G.  L.  Duverno}',  '•  Des  caract6res  aiiatomiqnes  des  grands  Singes  pseudo- 
anthropomorphes."  Arch,  du  Museum,  Tom.  VIII.,  ISriS. 

R.  Owen,  "  Osteology  of  the  Anthropomorphidic,"  Tranmrt.  Zool.  Sor,.  vol.  i., 
1835  ;  vol.  ii.,  1841  ;  '  vol.  iii.,  1849  ;  vol.  iv.,  1853. 
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Arctopitheci,  have  flat  or 
arched  nails.  In  structure 
and  function  the  hand  is 
.considerably  inferior  to 
that  of  man.  The  pelvis 
is  long  and  extended,  but 
in  the  Anthropomorpha  it 
is  shorter  and  more  like 
that  of  man,  though  it  is 
always  flatter.  The  tibia 
and  fibula  are  always 
separate  and  movable. 
The  posterior  extremity 
ends  in  all  cases  in  a 
well-developed,  prehensile 
foot,  which,  according  to 
the  osseous  structure  and 
muscular  ari-angements,  we 
are  not  justified  in  calling 
a  hand.  The  opposable 
hallux  always  has  a  nail, 
while  the  other  toes  may 
be  armed  with  claws  {Arc- 
topitheci).  By  the  arrange- 
ment of  the  hind  limbs  the 
Apes  are  admirably  adapted 
for  cHmbing  and  jumping. 
On  the  other  hand  they 
are  less  fitted  for  walking 
or  running  upon  the  four 
limbs,  in  consequence  of  the 
position  of  the  foot;  the 
leg  is  directed  obliquely 
inwards,  so  that  only  the 
external  edge  of  the  foot 
rests  on  the  ground.  The 
gait  is,  therefore,  clumsy, 
except  in  the  Arctopitheci. 

Their  movements  on  the 
boughs  and  branches  of 
trees,  which  are  effected 


Fig.  703.— Skeleton  of  Gurllla  angciia.    St,  Sternum 
Scapula;  ^e,  Acromion  ;  Pc,  Coracoicl  process 
U,  Clavicle ;  H,  Humerus ;  R,  Radius  ;  U,  Ulna 
0»,  Sacrum ;  Jl,  Ihum ;  Jg,  Ischium  ;  P,  Pubis 
Femur;  Pa,  Patella;  T,  Tibia;  Fi,  Fibula 
C,  Calcaneum  ;  A,  Astragalus. 


334 


MAMMALIA. 


Fig.  704. — Skull  of  PHhccia  Satanas. 


with  great  ease  and  safety,  are  often  assisted  by  tlie  long  tail, 
■which  may  even  act  as  an  accessory  prehensile  organ. 

Most  Apes  are  gregarious,  and  live  in  forests  in  hot  countries.  In 

Europe,  the  precipices  of  Gibi^altai- 
are  the  single  resort  of  a  species 
of  Ape,  the  Barbary  Ape  {Pauus 
^  ecaudatus), which,  is  probably  African 
in  origin,  and  has  elsewhere  com- 
pletely vanished  from  Europe.  Only 
a  few  Apes  lead  a  solitary  life ; 
most  of  them  live  together  in  large 
companies,  which  are  led  by  the 
largest  and  strongest  male.  They 
feed  chiefly  on  fruits  and  seeds, 
but  also  on  insects,  eggs  and  birds. 
The  females  produ^ce  only  one  young 
(more  rarely  two)  at  a  birth ;  they  protect  and  tend  their  offspring 
with  great  love.  Intellectually  the  Primates  take  with  the  dogs 
and  elephants  the  highest  place  amongst  Mammalia. 

Suborder  1.  Arctopitheci.  Marmosets.  South  American  Apes  of 
small  size,  with  long  hairy  tail,  and  claw-like  nails.  The  great  toe  is 
opposable,  and  has  a 
flat  nail.  The  thumb 
is  not  opposable.  In 
the  number  of  teeth 
(thirty-two)  they  resem- 
ble the  apes  of  the  Old 
Woi'ld,  from  which, 
however,  they  differ  in 
the  fact  that  the  prse- 
molars  (three)  are  more 
numerous  than  the  mo- 
lars (two).  They  produce 
two  or  even  three  young 
at  a  birth,  and  feed  on 
eggs,  insects,  and  fruit. 

Fam.  Hapalidae 
Ilajpalc  Jncchvn  Geoff r.,  the  Sahui  or  Ouistiti 


Fig.  705.— Skull  of  Saft/rus  orang. 


2  13 

Dental  formula  ^  j  g 


2 
2' 

Midas  Rosalia  L. 


Without  prehensile  tail. 


Suborder  2.    Platyrrhini.    Apes  of  the  New  World,  with  broad 

/2  1  3  j  3\     .  . 
nasal  septum,  and  vAih  thirty-six  teeth        f  3  I  3/ 
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The  tail  is  sometimes  used  as  a  prehensile  organ.  The  fingers  and  toes 

have  arched  or  flat  nails.    The  thumb  is  sometimes  reduced,  and  is 

never  opposable  to  the  same  extent  as  the  great  toe.    Cheek  pouclies 

and  ischial  callosities  always  absent. 

Fam.  Pithecidae.  Apes  with  Ion?  hairy  tail,  whicli  cannot  be  used  for  in-chen- 
sion ;  Pithecia  Satanas  Hoffins.,  Brazil;  Ayctijnthceits  tHrirr/atus  v.Humb.,  Now 
Granada;  Chryxothrlx  .v-iurea  L.,  Saimir,  Squirrel  Monkey,  Guiana  ;TCrtZ?(^/''"'''<'" 
pe,rsonata  GeofFr.,  east  coast  of  Bi  azH. 


Fig.  70G.~Gorilla  eugena,  from  Vogt  and  Specht. 

Fam.  Cebidae.    Apes  with  prehensile  tail  covered  with  hair  or  naked  at  the 
end.    Cchus  capvcinvs  L.,  Sai.  Capuchin  ;  AtclcK  panixcvs  L.,  Koaita,  Sjndcr- 
monkey,  Brazil  ;  A.  BeJzclntth  Geoffr.,  Guiana  ;  Lafjothri.r  Hvmholdtli  Geoff 
Peru.  Mycetes  111.,  Howling  Monkeys.  J/,  inycr  Geoffr.,  Brazil  ;  M.  seniculvs  L.' 

Suborder  3.  Catarrhini.  Apes  of  the  Old  World,  with  narrow 
nasal  septum,  and  approximated,  downwardly  directed  nostrils,  with 
thirty-two  teeth        j  2  |  3)  •   (^ig-  705).    The  tail  is  never  pre- 


MAMMA  MA. 


hensile,  but  is  in  some  case.s  vudimeutaiy,  or,  as  in  the  Anilirofomor- 
phidce,  entirely  absent  as  an  external  appendage. 

Fam.  Cynocephalidse.  Baboons.  Of  stout,  unwieldy  build,  with  dog-like 
projecting  snout.  The  canine  teeth  are  large  like  those  of  the  Carnivora.  There 
are  check  pouches  and  large  ischial  callosities.  Cyiuiccplialm  haniatlryag  I>.  ; 
(J.  Jiaiuin  Desm.,  Abyssinia  ;  (J.  Gelada  Ru.i)p.,  Gclada  ;  Papio  mormon  L.. 
Mandrill.  Africa. 

Fam.  Cercopithecidse.  Of  slender,  light  build,  with  cheek  pouches,  ischial 
■callosities,  and  tail  of  various  length,  without  terminal  tuft.  Macams  sinieus  L.. 
and  silnms  L.,  India  ;  M.  cyno}nolffii.f  L..  the  Java  Ape  ;  lihcsvK  nrvieKfrimm 
Geoffr.,  Borneo  and  Sumatra  :  Inuris  xylvannx  L.,  ecavdaf,v><  Geoffi-.,  Barbary 
Ape,  North  Africa  and  Gibraltar  ;  Cercopithecuti  mbcuus  F.  Guv.,  West  Africa. 

Fam.  Semnopithecidse.  With  small  ischial  callosities,  without  true  cheek 
pouches.  The  thumb  is  short.  SemmpitUecvii  entellits  L.,  reverenced  in  the 
Indies  as  the  holy  ape  of  the  Hindoos  ;  S.  nations  Guv.,  Borneo. 

The  African  genus  Colobtis  is  allied  to  the  Semntqntheridcp,  from  which  it  is 
distinguished  principally  by  the  thumb,  which  is  rudimentary,  or  wanting. 
Colobvs  GucTCza  Wagn.,  with  long  pendent  white  mane  and  caudal  tuft, 
Abyssinia. 

Fam.  Anthropomorphse.  Without  tail,  with  long  front  limbs,  without  ischial 
callosities  [except  in  the  Gibbons]  and  cheek  pouches.  The  body  is  closely 
covered  with  hair  on  the  under  side  of  the  trunk  and  the  limbs.  Hylohatcx 
Lar  HI.,  H.  syndaotyliis  Guv.,  Siamang,  Gibbon.  The  front  limbs  are  very  long, 
reaching  to  the  ground.  Satynix  Orang  L.,  Orang-Utang,  Pongo.  Lives  in  the 
swampy  forests  of  Borneo.  Gorilla  engena  =  gina  J.  Geoffr.,  Gorilla  (fig  706). 
Lives  gregariously  in  forests  on  the  west  coast  of  Africa  (on  the  Gaboon  River) 
and  reaches  a  height  of  five  and  a  half  to  six  feet.  Troglodytes  iiiger  L.,  the 
Chimpanzee  ;  lives  in  great  companies  in  the  forests  of  Guinea,  and  is  said  to 
build  a  nest  with  a  roof  upon  trees. 


Man.* 

With  reason  and  articulate  sjyeech,  with  upriyht  gait,  with  hamls  and 
broad-soled,  short-toed  feet. 

Although  the  view,  which  formerly  was  so  widely  held,  that  Man 
belongs  to  a  special  natural  kingdom,  above  and  outside  the  animal 

*  J  F  Blumenbach,  "  De  generis  humanis  varietate  nativa.''  Gottingie,  1795. 
And,''^Decas   CoUectionis  suse  craniorum   diversarum  gentium  illusti-ata, 

^^Ta^SicS! Re^  into  the  Physical  History  of  Mankind.-    2nd  ed. 

^T'^Reteiuf  ■»  Anthropologische  Aufsatze,"'  iibcrsetzt  in  Muller's  Archiv. 

Huxley,  "bntie  zoological  relations  of  man  with  the  lower  animals,'  Nat. 

'^Plu^ev.''"  Evidence  as  to  Man's  Place  in  Nature,"  London,  1863. 

O  Yost  "  Vorlesungen  liber  den  Menschen,"  etc.,  Giessen.  Ihbi. 

S  L  Bischoff,  "  Ueber  die  Verschiedenhcit  in  der  Schadelbildung  des  Gorilla, 
Chirapans6  und  Orang-Utang."  etc.,  Miinchen,  1867. 

Quetelet,  "Anthropom^trie."  18<0. 

Friedrich  Miiller,  "  AUgcmcine  Ethnographie,'  Wien,  18/9. 
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kingdom,  may  now  be  completely  put  on  one  side  as  incompatible 
with  the  spirit  and  method  of  natural  science,  yet  there  are  still 
differences  of  opinion  as  to  the  position  of  Man  in  the  class  of  Mam- 
malia, according  to  the  value  attributed  to  the  peculiarities  of  his 
bodily  structure.  While  Cuvier,  and  more  recently  Owen  and 
others,  establish  a  special  order  {Bimana)  for  Man,  other  investi- 
gators, as  Huxley  and  his  followers,  attach  a  much  less  importance 
to  the  characters  which  separate  Man  from  the  anthropoid  Apes,  and, 
in  agreement  with  Linnseus,  who  included  Man  with  the  Apes  in 
his  family  of  Primates,  regard  them  only  as  of  family  value.  The 
most  important  anatomical  differences  between  Man  and  the  Apes 
depend  upon  the  configuration  of  the  skull  and  the  face,  the  structure 
of  the  brain,  the  dentition  and  the  formation  of  the  extremities,  the 
arrangement  of  which,  in  connection  with  certain  peculiarities  of  the 
vertebral  column,  permit  of  the  upright  posture  of  the  body  in 
walking. 

The  rounded  arched  form  of  the  spacious  cranial  capsule,  the  con- 
siderable preponderance  of  the  skull  over  the  face,  which  is  not 
placed  in  front  of  the  skull  as  in  the  anthropoid  Apes  and  in  other 
animals,  but  almost  at  right  angles  beneath  it,  are  essential  human 
characters,  as  are  the  relatively  large  mass  of  the  brain,  the  great  size 
9f  the  anterior  and  posterior  lobes,  and,  finally,  the  great  development 
of  the  cerebral  convolutions,  which,  however,  in  the  Apes  are  arranged 
on  the  same  type. 

All  these  peculiarities,  which  are  of  the  greatest  importance  for 
the  intellectual  development  of  Man,  cannot  be  regarded  as  funda- 
mental distinctions,  but  must  rather  be  ascribed  to  gradual  deviations, 
since  there  are  still  greater  differences  between  the  highest  and 
lowest  Apes.  Efforts  have  been  vainly  made  to  show  that  certain 
parts,  which  are  always  present  in  Apes  and  other  Mammals,  are 
absent  in  Man  {prcemaxUla  Blumenbach— Goethe) ;  and  the  attempts 
to  prove  the  converse  of  this,  viz.,  that  there  are  parts  of  fundamental 
value  m  the  human  organism  ^jes  hippocampi  ^iwio?-  Owen— Huxley) 
which  are  found  in  no  other  Mammal,  have  as  completely  failed' 
iurther,  the  completely  continuous  row  of  teeth,  interrupted  by  no 
gap  for  the  opposed  canines,  a  character  by  which  the  human  denti- 
tion IS  distinguished  from  that  of  the  Catarrldna,  is  not  an  exclusive 
numan  character,  but  is  known  in  a  fossil  Ungulate  {Anoplotherium) ; 
while  on  the  other  hand  similar  gaps  have  been  observed,  certainly 
only  in  exceptional  cases  (KafiSr  skull  in  the  Erlangen  collection)  in 
the  human  dentition.    The  prominent  chin  of  Man  has  indeed  the 
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value  of  a  characteristic  feature,  although  even  this  is  less  con- 
spicuous in  the  negroes ;  nevertheless  it  is  obvious  that  this  feature 
cannot  be  regarded  as  a  character  of  fundamental  importance. 

Far  more  important  are  the  differences  between  the  limbs  of  Man 
and  those  of  the  anthropoid  Apes.    The  proportions  of  the  individual 
regions  are  essentially  different,  although  the  difierences  are  not 
greater  than  those  which  exist  between  the  three  species  of  anthro- 
poid Apes  in  this  respect.    While  in  Man  the  legs  constitute  the 
aole  support  of  the  body,  and  greatly  surpass  the  arms  in  length 
and  weight,  in  the  Apes  the  arms  are  longer,  in  various  degrees, 
than  the  legs  ;  the  brachium  in  Apes  being  relatively  shorter,  the 
a-ntebrachium  and  hand,  on  the  other  hand,  much  longer  than  in 
Man.    In  none  of  the  three  anthropoid  Apes  does  the  hand  attain 
the  perfection  of  the  human  hand  ;  that  of  the  Gorilla  approaches  it 
most  nearly,  but  is  clumsier,  heavier,  and  has  a  shorter  thumb.  The 
foot  also  of  the  Apes  is  relatively  very  long,  and  is  prehensile,  the 
sole  being  more  or  less  turned  inwards.  "With  regard  to  the  arrange- 
ment of  the  bones  and  muscles,  the  human  foot  differs  essentially 
from  a  true  hand,  but  not  from  the  prehensile  foot  of  the  Apes.  The 
human  foot  presents  a  number  of  features,  which  are  peculiar  to  Man, 
and  are  an  essential  condition  of  the  maintenance  of  the  upright 
posture ;  these  are  the  large  and  strong,  but  non-opposable,  great  toe, 
the  arched  instep  (articulation  of  the  tarsal  and  metatarsal  bones), 
and  the  horizontal  position  of  the  sole  upon  the  ground.  With  these 
peculiarities  of  the  foot  are  correlated  the  large  development  of  the 
calf  muscle,  the  form  of  the  broad  shovel-shaped  pelvis,  the  form  of 
the  thorax,  and  the  double  curvature  of  the  vertebral  column. 
However  high  a  value  we  may  concede  to  the  form  of  the  head,  the 
development  of  the  brain  and  the  upright  position  of  the  body,  and 
the  upright  gait,  yet  it  is  undeniable  that  Man  and  the  Apes  are 
built  iipon  the  same  type. 

The  most  important  consideration  which  induced  the  older 
naturalists  to  assign  to  man  an  entirely  special  place  outside  the 
animal  kingdom,  is  his  high  intellectual  development,  which,  founded 
on  the  possession  of  articulate  speech,  has  elevated  him  to  a  reason- 
able being,  capable  of  almost  unlimited  perfection.  In  fact,  it  were 
foolish  to  deny  the  great  gap  which,  in  this  relation,  separates  INIan 
from  the  highest  beast.  iTevertheless,  if  we  examine  without  pre- 
judice the  intellectual  development  of  the  individual  in  early  life, 
and  of  civilised  humanity  since  the  first  dawn  of  culture,  and  if  we 
subject  the  intellectual  peculiarities  of  the  higher  animals  to  a  com- 
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pcU'ative  investigation,  we  shall  reach  with  Wundt  the  conclusion  that 
the  mind  of  Man  differs  from  that  of  the  beasts  only  in  the  degree 
of  development  which  it  has  attained. 

The  origin  of  Man  and  his  early  history  are  hidden  in  complete 
obscurity,  but  the  view  that  he  has  existed  for  only  a  few  centuries 
on  the  earth  is  completely  contradicted  by  antiquarian  and  geological 
investigations.  The  simultaneous  appearance  of  the  remains  of 
human  bones  (skulls  of  Engis  and  of  the  Neanderthal)  and  of 
stone  implements,  with  the  skeletal  remains  of  extinct  animals 
{^Mammoth,  Rhinoceros  tichorhinus)  of  the  diluvial  period,  proves  the 
great  antiquity  of  the  human  race.  Man  certainly  existed  in  the 
pleistocene  period,  but  possibly  also  at  the  beginning  of  the  tertiary 
epoch.  There  are,  however,  at  the  present  time,  no  definite  facts 
with  regard  to  his  origin ;  *  the  view,  that  the  highest  form  of  life 
has  also  originated  by  the  process  of  natural  selection  from  one  of  the 
lower  forms  of  Primates,  is  only  a  deduction  from  the  Darwinian 
theory. 

The  question  as  to  the  unity  of  the  species  of  Man,*  which  may  be 
answered  in  different  ways  according  to  the  different  conceptions  of 
species,  may  remain  undiscussed,  since  from  the  impossibility  of  draw- 
ing a  distinct  line  between  species  and  race,  a  definite  conclusion  is 
impossible.  Blumenbach,  at  the  end  of  the  last  century,  distinguished 
five  races  of  men,  and  characterised  them  by  the  form  of  the  head 
and  skulls,  by  the  colour  of  the  skin,  and  the  structure  of  the  hair. 

1.  The  Caucasian  race,  with  white  skin,  fair  or  dark  hair,  globular 
skull,  high  forehead,  vertically  placed  teeth,  narrow  nose,  and  long 
oval  face.  Inhabitants  of  Europe,  West  Asia,  and  North  Africa. 
To  this  race  belong  the  Indogermanic  peoples  (Germans,  Celts, 
Hindoos,  Iranians,  etc.) ;  the  Semitic  peoples  (Jews,  Arabs,  Berbers, 
etc.) ;  and  the  Slavs. 

2.  The  Mongolian  race,  with  yellowish  skin,  almost  quadrangular 
short  head,  narrow,  flat  forehead,  small  nose,  projecting  cheekbones, 
and  broad  face,  with  oblique  eyes  (from  above  and  outside  to  below 
and  inside),  stiff,  black  hair.  They  inhabit  parts  of  Asia,  Lapland, 
and  North  America  {Eskimes). 

3.  The  Ethiopian  race,  with  black  skin  and  close,  crisp,  curly  hair, 
with  narrow  elongated  skull,  and  prominent   jaws  witli  oblique 

rnnrS^'  "  The  descent  of  Man,  and  selection  in  relation  to  sex." 

London :  .Jolin  Miirvay,  vol.  i.  and  ii.,  1871. 

Le?pzig)'i85»SH72'"'^''^^'''°^'''^°^^        ^''^^^^^^l^^iV  fortgesetzt  von  Gerland, 
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alveolar  portion  ;  with  thick  lips,  short  flat  nose,  retreating  forehead 
and  chin  (facial  angle  only  75°).  They  inhabit  Central  and  South 
Africa  (Negroes,  Kaffirs,  etc.), 

4.  The  American  race,  with  brown-yellow  or  copper-red  skin,  with 
stiff  black  haii-,  deep-set  eyes,  pi-ojecting  cheek  bones,  and  broad 
face.  The  forehead  is  narrow,  the  nose  short,  but  projecting.  They 
inhabit  America. 

5,  The  Malayan  race,  with  yellow-brown  to  black  skin,  with  close 
black  loose  hair,  broad  thick  nose,  turned-up  lips  and  projecting  jaws. 
They  inhabit  Australia  and  the  East  Indian  Archipelago. 

Cuvier  recognised  only  the  white,  or  Cavicasian,  the  yellow,  or 
Mongolian,  and  the  black,  or  Ethiopian  races  as  such ;  and  in  dis- 
tinguishing them  he  laid  great  stress  on  differences  in  language  and 
capability  of  civilization.  The  efforts  of  the  modern  Anthropologists 
to  found  a  better  and  moi-e  natural  division  of  races  and  stocks  are 
based,  according  to  the  works  of  E-etzius,  principally  on  the  value  of 
the  dimensions  of  the  skulls,  for  the  measurement  of  which  a  number 
of  methods  have  been  invented.  Eetzius  distinguishes  according  to 
the  different  forms  of  the  face  and  skull,  the  long-heads,  or  Doliclio- 
cephali  (9  :  7),  and  short  heads  or  Brachycejyhcdi  (8:7);  and  further, 
according  to  the  disposition  of  the  jaws  and  teeth,  the  Orthognathi 
and  the  Prognathi.  The  people  of  Europe  are  orthognathous,  and  in 
great  part,  the  Celts  and  Germans  excepted,  brachycephalic. 
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Ant-eater,  305. 
Antebrachium,  115. 
Antelopes,  317. 
Anthropomorpha,  336. 
Anthus,  267. 
Antilope,  317. 


Anura,  192. 
Aorta,  125, 
Aperea,  321. 
Apes,  332. 
Apex,  18. 
Aplysia,  40,  52. 
Apoda,  187. 
Appendicularia,  100. 
Aptenodytes,  256. 
Apteria,  239, 
Apteryx,  271, 
Aquiia,  269, 
Arabs,  339, 
Area,  27. 

Archfeopteryx,  255. 
Archegosaurus,  188. 
Archi  pterygium,  114, 
Arctomys,  322, 
Ai'ctopitheci,  334, 
Ardea,  259, 
ArdeidEe,  258, 
Ai'ea,  18, 
ArgaU,  318. 
Argiope,  85. 
Argonauta,  70. 
Argus,  261, 
Arion,  40,  51, 
Armadillo,  305, 
Armmolche,  190, 
Articulare,  118. 
Artiodactyla,  314^ 
Arvicola,  321. 
Ascalabota,  218. 
Ascidia,  101. 
Ascidige  compositas,  101. 
„  salpasformes, 
102. 

„      simplices,  100. 
Ascidians,  90. 
Ascidiozooid,  103. 
Asinus,  313. 
Asiphonia,  25. 
Aspergillum,  28. 
Ass,  313, 
Astragalus,  281, 
Astur,  269. 
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Ateles,  335. 
Atlanta,  50. 
Atlas,  27G. 
Auchcnia,  317. 
Auerochs,  318. 
Auks,  257. 
Auricula,  51. 
Aves,  230. 
Avicula,  2G. 
Avicularia,  74. 
Avocet,  258. 
Axis,  276. 
Axolotl,  189. 
Aye- Aye,  331. 

Baboon, 336. 
Babyrussa,  315. 
Badger,  326. 
Balasna,  310. 
Balaeniceps,  258. 
Balsenoptera,  310. 
Balistes,  168. 
Band-fish,  173. 
Bandicoots,  304. 
Barbary-ape.  336. 
Barbastelle,  329. 
Barbel,  169. 
Barbicels,  239. 
Barbules,  238. 
Barbus,  169. 
Barn-owl,  269. 
BaiTamunda,  175. 
Basiliscus,  219. 
Basioccipital,  116. 
Basisphenoid,  116. 
Basitemporal,  233. 
Basommatophora,  51. 
Bass,  171. 

Bastard  wing,  237,  241. 
Batrachia,  192. 
Batrachoseps,  190. 
Bats,  328. 
Bdellostoma,  157. 
Bear,  326. 
Beaver,  322. 
Bee-eaters,  265', 
Belemnites,  70. 
Belone,  171. 
Beluga,  309. 
Berbers,  339. 
Bezoar-goat,  318. 
Bicellariidffi,  80. 
Bile  duct,  289. 
Bipcs,  220. 
Birds,  230. 
Bison,  318. 
Bittcrling,  169. 
Blackbird,  268. 
Blackcap,  268. 
Black-fish,  309. 
Blaubock,  317. 


Blaufclcheii,  169. 
Bleak,  169. 
Blennies,  173. 
Blennius,  173. 
Bliiidworm.  219. 
Blue-shark,'  162. 
Blue-throat,  268. 
Brachiopoda,  80. 
Bracbium,  115. 
Brachycephali,  340. 
Bradypoda,  306. 
Brady  pus,  306. 
Branchial  arches,  118. 
Branchiostegal,  136. 
Branchiostoma,  153. 
Boa,  212. 
Boar,  315. 
BomlDinator,  195. 
Bombycilla,  267. 
Bony  fishes,  166. 
Bony-pike,  166. 
Boring-mussel,  28. 
Bos,  318. 

Botalli  ductus.  182. 
Bothrops,  214. 
Botryllus,  101. 
Bream,  169,  172. 
Brevilinguia.  219. 
Brill,  171. 
Bruta,  305. 
Bryozoa,  71. 
Bubalis,  318. 
Bubalus,  318. 
Bubo,  269. 
Buccal  ganglia,  34. 
Buccinum,  47. 
Bucco,  263. 
Buceros,  265. 
Bucorvus.  265. 
Buffalo,  318. 
Bufo,  195. 
Bugula,  80. 

Bulbus  arteriosus,  146. 
Bulimus,  52. 
Bulla.  52. 
Bullfinch,  268. 
Bullhead,  172. 
Biindtner  pig,  315. 
Buntbock,  318. 
Bunting,  268. 
Buphaga,  267. 
Burbot,  170. 
Bursa  Fabricii.  247. 
Bustard,  259. 
Buteo.  269. 
Butterfly-fish,  173. 
Buzzard,  269. 

Cachelot,  310. 
Caiman,  225. 
Calamoichthys,  106. 


Calamus,  238. 
Calandra-lark,  268. 
Calcaneum,  281. 
Calcar,  328. 
Callithrix,  335. 
Callorhinus,  324. 
Callorhynciius,  161. 
Calopeltis,  212. 
Calotes,  219. 
Calurus,  263. 
Calyptorhynchus,  264. 
Calyptrsea,  48. 
Camel,  317. 
Camelopardalis,  317. 
Camelus,  317. 
Campanula  Halleri,  139. 
Canaliferse,  47. 
Canary,  268. 
Cancellaria,  47, 
Cancellata,  47. 
Canines,  286. 
Canis,  326. 
Capp.rcally,  261. 
Capra,  318. 
Caprimulgus.  266. 
Capuchin,  335. 
Capulus,  48. 
Capybara,  321. 
Caranx,  172. 
Carapace,  225. 
Carcharias,  162. 
Cardinal  vein,  125. 
Cardium,  27. 
Cariama,  259. 
Carina,  255. 
Cariuaria,  50. 
Carinatffi,  255. 
Carnassial,  325. 
Carnivora,  324. 
Carotid  gland.  182. 
Carp,  169. 
Carpophaga,  303. 
Carpus,  115. 
Carychium,  51. 
Cassis,  48. 
Cassowary,  270. 
Castings,  269. 
Castor,  322. 
Casaarius,  270. 
Cat,  326. 
Catarrhini,  335. 
Cathartes.  269. 
Cathartinffi,  269. 
Catoblepas,  318. 
Catodon,  310. 
Caucasian  race,  339. 
Cauda  equina,  138. 
Caudal,  114. 
Caudata,  188. 
Cavia,  321. 
Cavicornia,  317. 
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Cebus,  335. 
Cellularia,  80. 
Celts,  339. 
Centetes,  .•<23. 
Centrum.  111. 
Cepbalaspidffi,  149. 
Cephalophora,  10. 
Cephalopoda,  56. 
Cepola.  173. 
Ceratites,  69. 
Ceratobranchial,  137. 
Ceratodiis,  175. 
Cercolabes,  321. 
Cercoleptes,  326. 
Cercopitbecus,  336. 
Cere,  238. 
Cerebellum,  120. 
Cerebral  Hemispheres, 

120. 
Certhia,  265. 
Cerithium,  47. 
Ceroma,  246. 
Cervical,  114. 
Cervus,  317. 
Ceryle,  265. 
Cestraciou,  162. 
Cetacea.  306. 
Cetiosaurus,  224. 
Chaffinch,  268. 
Chalazae,  251. 
Chama,  27. 
ChamEeleon,  217. 
Chamsesaura,  215,  220. 
Chamois,  318. 
Charadrius,  258. 
Chauna,  259. 
Chelidon,  266. 
Chelonia,  225,  229. 
Chelydra,  230. 
Chelys,  229. 
Chersidse,  230. 
Chevreulius,  86,  101. 
Chiastoneura,  34. 
Chilostomata,  79. 
Chimaera,  161. 
Chimpanzee,  336. 
Chinchilla,  321. 
Chiromys,  331. 
Chironectes,  173. 
Chiroptera.  327. 
Chirotes,  217. 
Chirotherium,  188. 
Chiton,  41. 

Chlamydophorus,  306. 
Choloepus,  306. 
Chondroptciygii,  157. 
Chondrostei,  165. 
Chondrostoma,  169. 
Chorda  dorsalis,  110. 
Chorion,  296. 
Choroideal  gland,  139. 


Chrysochlorys,  323. 
Chrysophrys,  172. 
Chrysothrix,  335. 
Chub,  169. 
Chyle,  125. 
Cicatricula,  252. 
Ciconia,  259. 
Cincinnurus,  266. 
Cinclus,  268. 
Cinnyiis,  265. 
Ciona,  101. 
Circus,  269. 
Cirrobranchiata,  28. 
Cirroteuthis,  58. 
Cistudo,  230. 
Civets,  326. 
Cladobates,  323. 
Clamatores,  265. 
Claspers,  1.58. 
Clausilia,  52. 
Clavagella,  28. 
Clavellina,  101. 
Clavicle,  114. 
Cleodora,  56. 
Cleopatra's  snake,  213. 
Climbing  perch,  173. 
Clio.  56. 

Clitoris,  205,  294. 
Clupea,  168. 
Coatimondi,  326. 
Oobitis.  169. 
Cobra,  213. 
Coccosteus,  149. 
Coccothraustes,  268. 
Coccystes,  264. 
Cochlea,  121. 
Cockatoos,  264. 
Cockle,  27. 

Cock  of  the  Rock,  267. 
Cod.  170. 
Coecilia,  188. 
Coelogenys,  321. 
Coelopeltis,  212. 
Colius,  264. 
Collocalia.  266. 
Colobus.  336. 
Coluber,  212. 
Colubriformia,  211. 
Columba,  262. 
Columbella,  47. 
ColumbidEe,  262. 
Columbinas,  261. 
Columella,  32,  180,  198, 

215. 
Colymbus,  257. 
Commissural  ganglin ,  33. 
Compsognathus,  221. 
Conchifera,  15. 
Condor,  269. 
Condylura,  323. 
Coney,  820. 


Conger,  168. 
Conirostres,  268. 
Conus,  47. 

Conus  arteriosus,  146. 
Cony-fish,  170. 
Coot,  -259. 
Copelatse,  100. 
Coracias,  265. 
Coracoid,  114. 
Coral  snake,  213. 
Corbicula,  27. 
Coregonus,  169. 
Cormorant,  257. 
Corncrake,  259. 
Coronella,  212. 
Corpora  cavernosa,  292. 
Corpora  quadrigemina. 
120. 

Corpus  callosum,  283. 
Corvina,  172. 
Corvus,  266. 
Cotile,  266. 
Cotingidse,  267. 
Coitus,  172. 
Coturnix,  261, 
Covert,  240. 
Cowper's  glands,  292. 
Cowries,  48. 
Coypu,  321. 
Crane,  259. 
Crania,  84. 
Crassilinguia,  218. 
Crax,  261. 
Creeper,  265. 
Cremaster,  291. 
Crenilabrus,  171. 
Creseis,  56. 
Crex,  259. 

Cribriform  plate,  277. 
Cricetus,  321. 
Crisia,  79. 
Cristatella,  78. 
Crocodilia,  223.  22.". 
Crocodilus,  225. 
Crossbill,  268. 
Crossopterygii,  166. 
Crotalus,  214. 
Crow,  266. 
Crus,  115. 

Cryptobranchus,  191. 
Cryptochiton,  41. 
Crypturidse,  261. 
Ctenobranchiata,  46. 
Ctenoid,  131. 
Ctenostomata,  79. 
Cuckoo,  263. 
Cuculida3.  263. 
Cuculus,  263. 
Culmen,  245. 
Curassow,  261. 
Curlew,  258. 
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Cursores,  270. 
Cursorius,  258. 
Cuvicv,  Dnct  of,  14G. 
Cyathozooid,  103. 
Cyclas,  27. 
Cyclobranchiata,  45. 
Cycloid,  131. 
Cyclomyavia,  109. 
Cyclostoma,  47. 
Cyclostomata,  79. 
Cyclostomi,  153. 
Cyclura,  219. 
Cygnus,  257, 
Cylindrophis,  212. 
Cymbium,  47. 
Cymbulia,  56. 
Cynailurus,  327. 
Cynocephalus,  336. 
Cynthia,  101. 
Cyphonautes,  76. 
Cyprtea,  48. 
Cyprina,  27. 
Cyprinodon,  170. 
Cyprinus,  169. 
Cypselus,  266. 
Cystid,  73. 
Cystophora,  324. 
Cytherea,  27. 

Dab,  171. 
Dacelo,  265. 
Dactylethra,  194. 
Dactylopterus,  172. 
Dama,  317. 
Daman,  320. 
Dassy,  320. 
Dasypoda,  305. 
Dasyprocta,  321. 
Dasypus,  306. 
Dasynrus,  304. 
Decapoda,  70. 
Deer,  317. 

Delphinapterus,  309. 
Dendro  bates,  195. 
Dendrophis,  212. 
Dentalium,  30. 
Dentary,  118,  136. 
Denticete,  309. 
Dentine,  122. 
Dentirostres,  266. 
Dentition  of  mammal,  2. 
Dermoptera,  331. 
Derotrema,186,189, 190. 
Desman,  323. 
Desmomyaria,  108. 
Devexa,  317. 
Diaphragm,  124. 
Dibranchlata,  69. 
Dicholophiis,  259. 
Dicotyles,  315. 
Didelphys,  304. 


I  Didemnum,  101. 
!  Didunculus,  262. 
I  Didus,  255,  263. 

Dinornis,  255,  272. 

Dinornithidae,  272. 

Dinosauria,  220. 

Dinothcrium,  319. 

Diodon,  168. 

Diomedca,  257. 

Diphycercal,  164. 

Dipneumona,  175. 

Dipnoi,  173. 

Dipodse,  321. 

Dipper,  268. 

Dipsas,  212. 

Dipus,  321. 

Discina,  84. 

Discodactylia,  195. 

Divers,  257. 

Docoglossa,  45. 

Dodo,  263. 

Dog,  326. 

Dog-fish,  162. 

Dolicocephali,  340. 

Doliolum.  109. 

Dolium,  48. 

Dolphin,  309. 

Donas,  28. 

Doris,  53. 

Dormouse,  322. 

Dorsch,  170. 

Dorv,  172. 

Dove,  262. 

Draco,  219. 

Dreysseua,  27, 

Dromseus,  270. 

Dromedary,  317. 

Dryophis,  212. 

Duck,  257. 

Ductus  arteriosus  Bo- 

talli,  297. 
Ductus  Botalli,  182. 
Ductus  venosus  Arantii, 

297. 
Dugong,  310. 
Duodenum,  289. 
Dziguetai,  313. 

Eagle,  269. 
Eagle-rays,  163. 
Ecardines,  84. 
Echeneis,  172. 
Echidna,  301. 
Ectocyst,  72. 
Bctopistes,  262. 
Ectoprocta,  78. 
Ectopterj^goid,  136. 
Edentata,  305. 
Eel,  168. 
Eel-pout,  170. 
Elteoblast,  107. 


Elaps,  213. 
Electric  eel,  168. 
Electric  rays,  163. 
Electrical  organs,  140, 
Eledone.  70. 
Eleplias,  319. 
Eliomys,  322. 
Elk,  317. 
Elysia,  53. 
Emarginula,  46. 
Emberiza,  268. 
Emeu,  270. 
Emys,  230. 
Enaliosauria,  222. 
Enamel,  122. 
Endocyst,  72. 
Endoprocta,  77. 
Endopterygoid,  136. 
Endostyle,  88. 
Endyptes.  256. 
Engis-skull,  339. 
Engraulis,  168. 
Enhydi-is.  326. 
Entoconcha,  43. 
Entomophaga,  304. 
Eohippus.  312. 
Ephialtes,  269. 
Epicrium,  188. 
Epididymis,  184. 
Epiotic,  134. 
Epipodia,  10. 
Episternum,  179. 
Epistropheus,  278, 
Equus,  313. 
Erethizon,  321, 
Erinaceus,  323. 
Eriomys,  321. 
Ermine,  326. 
Eryx,  212. 
Eskimos,  339. 
Esox,  169. 
Ethiopian  race,  339. 
Etmoid,  116,  117. 
Euganoides,  166. 
Eustachian  tube,  180. 
Exoc£etus,  171. 
Exoccipital,  116. 

Fabricii  bursa,  247. 
Falcinellus,  258. 
Falco,  269. 
Falconidas,  269. 
Fallopian  tube,  293. 
Fallow-deer,  317. 
Farella,  79. 
Feathers,  238. 
Fclis,  327. 
Femur,  115. 
Fenestra  ovalis,  178. 

,,  rotunda,  197. 
Ferse,  324. 
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Feuerkrbte,  195. 
Fiber,  321. 
Fibula,  115. 
Field-fare,  268. 
Field-mouse,  321. 
File-fish.  168. 
Mloplumes,  239. 
Finch,  268. 
Fissilinguia,  220. 
Fissirostres,  266. 
Fissui-ella,  46. 
Flamingo,  257. 
Flat-fish,  170. 
Flounder.  171. 
Flusti-a,  80. 
Flycatcher,  267. 
Flying-fish,  171. 
Flying-fox.  329. 
Foramen  ovale,  297. 

„       Panizzse,  203. 
Fore-skin,  293. 
Fowls,  261. 
Fox,  326. 
Frigate  bird,  257. 
Fringilla,  268. 
Fritillaria,  100. 
Frog,  194. 
Frog-fish,  173. 
Frontal,  116, 
Frugivora,  328. 
Fulcra,  164. 
Fulica,  259. 
Funiculus,  73. 
Furcula,  237. 
Fusus,  47. 

Gadus,  170. 
Galago,  331. 
Galbula,  263. 
Galeopithecus,  331. 
Galeus,  162. 
Gallinacei,  260. 
Gallinago,  258. 
Gallinula,  259. 
Gallus,  261. 
Gannet,  257. 
Ganocephala,  188. 
Ganoidei,  163. 
Ganoid  scales,  131. 
Gaper,  28. 
Gar-pike,  166,  171. 
Garrulus,  266. 
Gartner's  canal,  204. 
Gasterosteus,  171. 
Gastrobranchus,  157. 
Gastrochaena,  28. 
Gastropoda,  30. 
Gavialidae,  225. 
Gazelle,  317. 
Gecko,  218. 
Genet,  326. 


Georhychus,  322. 
Germans,  339. 
Gibbon,  336. 
Giraffe,  317. 
Glans,  292. 
Glires,  320. 
Glirina,  303. 
Globe-fish,  168. 
Globiocephalus,  309; 
Gnu,  318. 
Goat,  818. 
Goatsucker,  266. 
Gobies,  173. 
Gobio,  169. 
Gobius,  173. 
Golden-mole,  323. 
Goldfinch,  268. 
Goniatites,  69. 
Gonys,  245. 
Goosander,  257. 
Goose,  257. 
Gorilla,  336. 
Goshawk,  269. 
Goura,  262. 
Grallatores,  257. 
Grayling,  169. 
Grebe,  257. 

Greenland  Whale,  310. 
Grinders,  286. 
Groundling,  169. 
Grouse,  261. 
Grus,  259. 
Guan,  261. 
Gudgeon,  196. 
Guepai'de,  327. 
Guillemot,  257. 
Guinea-fowl,  261. 
Guinea-pig,  321. 
Gulls,  257. 
Gulo,  326. 
Gurnard,  172. 
Gymnodontes,  168. 
GymnolEemata,  79. 
Gymnorhina,  329. 
Gymnosomata,  56. 
Gymnotus,  168. 
Gymophiona,  187. 
Gypaetus,  269. 
Gypogeranus,  270. 
Gyps,  269. 
Gyi-i,  283. 

Haddock,  170. 
Hffimapophysis,  111. 
Hiemoglobin,  125. 
Hags,  166. 
Hairs,  273. 
Hake,  170. 
Halcyonidse,  265. 
Haliaetos,  269. 
Halichocrus,  324. 


Halicore,  310. 

Halieus,  257. 

Haliotis,  46. 

Halmaturidse,  303. 

Hammer-headed  shark, 
162. 

Hamster,  321. 

Hapale,  334. 

Harderian  gland,  200. 

Hare,  321. 

Harpa,  47. 

Harpyia,  329. 

Harrier,  269. 

Hatteria,  219. 

Haw-finch,  268. 

Hectocotylus,  64. 

Hedgehog,  323. 

Helix,  52. 

Heloderma,  220. 

Hemicardium,  27. 

Hemidactylus,  218. 

Heptanchus,  162. 

Hermaphrodite  fishes, 
147. 

Herodii,  258. 

Heron,  258. 

Herpestes,  326. 

Herpetodryas,  212. 

Herring,  168. 

Hesperornis,  245. 

Heterocercal,  131. 

Heteropoda,  48. 

Hexanchus,  162. 

Hindoos,  339. 

Hipparion,  313. 

Hippocampus,  167. 

Hippoglossus,  171. 

Hippopotamus,  315. 
Hippopus,  27. 
Hippotragus,  317. 
Hirundo,  266. 
Hoazin,  261. 
Holibut,  171. 
Holocephali,  161. 
Holostomatons,  32. 
Homocercal,  131,  164. 
Homodiluvii  testis,  190, 
Honey-suckers,  265. 
Hoofs,  274. 
Hoopoes,  265. 
Hornbills,  265. 
Horse-mackerel,  172. 
Horseshoe-nose,  330. 
House-marten,  326. 
Howling-monkey,  335. 
Huchen,  169. 
Humei-us,  115. 
Humivagje,  219. 
Humming-bird,  266. 
Hiipfmaus,  321. 
Hyalea,  56. 
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Hyiciia,  820. 
HydrochfCvus.  321. 
Hydromys.  321. 
Hydrophls,  213. 
Hydrosauria,  221. 
Hyla,  195. 
Hylobatcs.  336, 
Hymen,  294. 
Hyoid,  118. 

Hyomandibular,  117, 
118. 

Hyperodapedon,  219. 
Hyperoodon,  310. 
Hypobythius,  101. 
Hypophysis,  283. 
Hyporhacliis,  238. 
Hypostomus,  170. 
Hypsiprymuus,  303. 
Hypudteus,  321. 
Hyrax.  320. 
Hystrix,  321. 

Ibex,  318. 
Ibis,  258. 
Ichneumon,  326. 
Ichthyodorulites,  158. 
Ichthyoidea,  189. 
Ichthyopsida,  129. 
Ichthyornis,  2-15. 
Ichthyosaurus,  223. 
Idmonea,  79. 
Iguana,  219. 
Ilium,  114. 
Impennes,  256. 
Inarticulata,  84. 
Incisors,  286. 
Incus,  277. 
Indogermanic,  339. 
Indri,  331. 
IneptfB,  263. 
Infundibula,  290. 
Insectivora,  322. 
lusectivora  (bats),  829. 
Insessores,  264. 
Interparietal,  276. 
Inuus,  336. 
Iranians,  839. 
Irish  elk,  317. 
Ischium,  115. 
Isocardia,  27. 

Jacamar,  263. 
Jacare,  225. 
Jackal,  326. 
Jackdaw,  266. 
Jacobson's  organ,  200. 
Jaculus,  321. 
Jaguar,  327. 
Janthina,  47. 
Jay,  266. 
Jerboa,  321. 


Jcr -falcon,  269. 
Jews,  339. 
Jugal,  118. 
Jugular  process,  276. 
Jugular  vein,  146. 
Julis,  171. 
Jumping  liarc,  321. 

Kaffirs,  340. 
Kakapos,  264. 
Kangaroo,  303. 
Karausclie,  169. 
Kestrel,  269. 
Kidney,  126. 
Kingfisher,  265. 
King-Penguin,  256. 
Kinkajou,  326. 
Kite,  269. 
Kiwi.  271. 
Koaita,  835. 
Koala,  304. 
Kowalevskia,  100. 
Krallenfrosch.  194. 
Kreuzkrote,  195. 
Kreuzotter,  214. 
Kuandu.  321. 
Kudu,  317. 

Laberdan,  170. 

Labia  majoraet  minora, 
294. 

Labrax,  171. 

Labrus,  171.  ■ 

Labyrintliici,  173. 
1  Labyrinthodon,  188. 
1  Labyrinthodonta,  187, 
1  188. 
i  Lacerta,  220. 

Lacertilia,  214. 

Lachrymal,  198. 

Lagidium,  321. 

Lagopus,  261. 

Lagostomus,  321. 

Lagothrix,  335. 

Lamellibranchiata,  1 5. 
1  Lamellirostres,  257. 

Lamina  cribrosa,  277. 
„      papyracea,  277. 
,,  perpendicularis, 
277. 

Laminiplantar,  238. 
Lammergeier,  269. 
Lamna,  162. 
Lamnungia,  319. 
Lamprey,  157. 
Laucelet,  153. 
Lanius,  267. 
Lark,  268. 
Larus,  257. 
Larynx,  124. 


Lateral  line,  131. 

„      ventricles,  120. 
Lebias,  170. 
Leguana,  218. 
Lemming,  321. 
Lemur,  3:U. 
Lemurs.  330. 
Lepidoidai,  163. 
Lepidosauria,  207. 
Lepidosireii,  176. 
Lepidosteus,  166. 
Lepralia,  80. 
Leptocardii.  150. 
Leptoptilus,  259. 
Lcpus,  821. 
Lestris,  257. 
Leuciscus,  169. 
Levirostres,  265. 
Lichanotus,  331. 
Lima,  26. 
Limaponta,  53. 
Limax,  40,  52. 
Limnseus,  51. 
Limpets,  45. 
Lingula,  84. 
Lion,  327. 
Liophis,  212. 
Lithodomus.  26. 
Littorina,  47. 
Lizards,  214. 
Llama,  317. 
Loach,  169. 
Loligo,  70. 
Lophiura,  219. 
Lopliius,  173. 
Lophobranchii,  167. 
Lophophore,  92. 
Lophophonis,  261. 
Lophopoda,  78. 
Lophopus,  78. 
Lophornis,  265. 
Lori,  331. 
Loricata,  223, 
Lota,  170. 
Lottia,  45. 
Love-bird,  264. 
Loxia,  268. 
Loxosoma.  78. 
Lucina,  27. 
Lucioperca,  171. 
Lumbar,  114. 
Lunula,  19. 
Luscinia,  268. 
Lutra,  326. 
Lutraria,  28. 
Lymph,  125. 
Lymphatic.  125. 
Lynx,  264,  327. 
Lyi-e-bird,  268. 

Macacus,  336. 
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Maccaw,  2(54. 
Machetes,  2o8. 
Mackerel,  172. 
Macropodu,  303. 
Maci'opus,  303. 
Macroscelides,  323. 
Mactra,  28. 
Magilus,  43. 
Magpie,  266. 
Maki,  331. 

Malacopterygian,  168. 
Malap  term-US,  170. 
Malayan  race,  340. 
Malleus,  26,  277. 
Mammalia.  273. 
Mammoth.' 3iy. 
Man,  336. 
Manatee,  310. 
Manatus,  31 U. 
Mandrill,  336. 
Manis,  305. 
Mantle,  10. 
Manus,  115. 
Marabu,  259. 
Margaritana,  27. 
Marmosets,  334. 
Marmot,  322, 
Marsipobranchii,  153. 
Marsupialia,  301. 
Marten,  326. 
Martin,  266. 
Mastodon,  319. 
Mastodonsaurus,  187. 
Mastoid,  117,  276. 
Matamata,  229. 
Maxilla,  118. 
Meadow-Pipit,  267. 
Medulla  oblongata,  120. 
Megacephalon,  261. 
Megaceros,  317. 
Megaderma,  330. 
Megapodius,  2(51. 
Meleagrina,  26. 
Meleagris,  261. 
Meles,  326. 
Meliphaga,  265, 
Mclopsittacus,  264. 
Membranipora,  80. 
Menobranchus.  190. 
Menopoma,  191. 
Menura,  268. 
Mephitis,  326. 
Mergus,  257. 
Merluccius,  170. 
Merops,  265. 
Mesonephros,  184. 
Metacarpus,  115. 
Metapterygoid,  135. 
Metatarsus,  115. 
Mice,  321. 
Midas,  334. 


Migration  of  birds,  255. 
Miller's  thumb,  172, 
Milvus,  269. 
Minnow,  169. 
Moa,  272. 
Molars,  287. 
Mole,  323. 
Molidse,  168. 
Mollusca,  9. 
Molluscoidea,  71. 
Mongolian  race,  339. 
Mongoose,  326. 
Monitor,  220. 
Monlc-fish,  162. 
Monodon,  309. 
Monopneumona,  175. 
Monotremata,  300. 
Moorhen,  259. 
Moose,  317. 
Mormon,  257. 
Mosasaurus,  217. 
Moschus,  317. 
Motacilla,  267. 
Mouflon,  318. 
Mound-bii-ds,  261. 
Mouse,  321. 
Mud-fishes,  173. 
Miilleriau  duct,  148. 
Mullet,  172. 
MuUus,  172. 
Murigna,  168. 
Mui-ex,  40,  47. 
Mus,  321. 
Muscardinus,  322. 
Muscicapa,  267. 
Musk-ox,  318. 
Musophaga,  264. 
Mussels,  26. 
Mustela,  326. 
Mustelus,  162. 
Mya,  28. 
Mycetes,  335. 
Mycteria,  259. 
Myliobates,  163. 
Myobatrachus,  194. 
Myodes,  321. 
Myogale,"  323. 
Myopotamus,  321. 
Myopsidfe,  70. 
Myrmecobius,  304. 
Myrmecophaga.  305. 
Mystacina,  329.' 
Mysticete,  310. 
Mystriosaurus,  224. 
Myoxus.  322. 
Mytilus;  26. 
Myxa,  245. 
Myxine,  157. 

Nacella,  45. 
Nails,  274. 


Naja,  213. 
Najades,  27. 
Narcine,  163. 
Nares  pervife,  245. 
Narwhals,  309. 
Nasal,  117. 
Nasling,  169. 
Nassa,  47. 
Nasua,  326. 
Natatores,  255. 
Nates,  18. 
Natica,  48. 
Native  cats,  304. 
Native  devils,  304. 
Nautilus,  69. 
Navicella,  47. 
Neanderthal  skull,  339. 
Nectarinia,  265. 
Negroes,  340. 
Neophi-on,  269. 
Nerita,  47. 
Nestor,  264. 
Neurapophj^sis,  111. 
Newt,  191. 

Nictitating  membrane, 
180. 

Nightingale,  268. 
Nine-eye,  157. 
Nisus,  269. 
Nothosaurii,  223. 
Nothosaurus,  223. 
Notidanus,  162. 
Notochord,  110. 
Notodelphys,  195. 
Nudibranchiata,  52, 
Numenius,  258, 
Numida,  261, 
Nuthatch,  267. 
Nyctea,  269. 
Nycticebus,  331. 
Nyctipithecus,  335, 
Nymphicus,  264. 

Obesa,  315. 
Occipital,  116. 
Octacnemus.  101. 
Octodon,  321. 
Octolicnus,  331. 
Odontoid  process,  278. 
Odontornithes,  245. 
Octopoda,  70. 
Octopus,  70. 
Oedicnemus,  258. 
Oicophocerca,  100. 
Oigopsida3,  70. 
Oikopleura,  100. 
Olecranon,  280. 
Oliva,  43,  47. 
Olme,  190. 
Ommastrephes,  70. 
Onchidium,  51. 
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Onychoteuthis,  90. 
Operculum,  32,  13G. 
Ophidia,  207. 
Ophidium,  170. 
Ophisaurus,  220. 
Opisthobranchiata,  52. 
Opisthocomidae,  261. 
Opisthoglypha,  209,  212. 
Opisthotic,  134. 
Opossum,  304. 
Opoterodouta,  208,  211. 
Optic  lobes,  179. 
Optic  thalami,  120. 
Orang-utang,  336. 
Orbitosphenoid,  117. 
Oriole,  266. 
Oriolus,  266. 
Ormer,  46. 

Ornithorhynchus,  301. 
Ornithoscelida,  220. 
Oi-ohippus,  313. 
Orthagoriscus,  168. 
Orthidge,  85. 
Orthoceras,  69. 
Orthognathi,  340. 
Orycteropus,  305. 
Oscines.  265. 
Osprey,  269. 
Ostracion,  168. 
Ostrea,  25. 
Ostrich,  270. 
Otaria,  324. 
Otis,  259. 
Otter,  326. 
Otus,  269. 
Ouistiti,  334. 
Ovibos,  318. 
Ovis,  318. 
Owls,  269. 
Oxpecker,  267. 
Oxydactylia,  194. 
Oxyi'hopus,  212. 
Oyster,  25. 

Paca,  321. 
Pachyderms,  312. 
Pagellus,  172. 
Pal^ornis,  255,  264. 
Palamedea,  259. 
Palapteryx,  255,  272. 
Palatine,  118. 
Palato-quadrate,  117. 
Paludicella,  79. 
Paludina,  41,  47. 
Palumbasnas,  262. 
Palumbus,  262. 
Pandion,  269. 
Pangolin,  305. 
Panizzse,  foramen,  203. 
Panther,  327. 
Panther-cat,  327, 


Panzer  wels,  170. 
Papio,  336. 
Paradise -birds,  266. 
ParadiseidfE,  266. 
Paramastoid  proce88,27  6, 
Parapterum,  240. 
Parasphenoid,  135. 
Paridigitata,  314. 
Parietal,  116. 
Parmophorus,  46. 
Parotic  process,  215. 
Parra,  259. 
Parrakcets,  264. 
Parrot-fish,  171. 
Parrots,  264. 
Partridge,  261. 
Parus,  267. 
Passer,  268. 
Passeres,  264. 
Pastinaca,  163. 
Pastor,  267. 
Patella,  45.  280. 
Paunch,  316. 
Pavo,  261. 
Pearl-mussel,  26. 
Peat-pig,  315. 
Peccary,  315. 
Pecten,  26,  244. 
Pectoral,  114. 
Pectunculus,  27. 
Pedetes,  321. 
Pedicellina,  78. 
Pediculati,  173. 
Pedimana,  304. 
Pegasus,  167. 
Pelamys,  172. 
Pelecanus,  257. 
Pelias,  213. 
Pelican,  257. 
Pelobates,  195. 
Pelvic,  114. 
Penelope,  261. 
Penguins.  256. 
Pennse,  239. 
Pentamerus,  85. 
Perameles,  304. 
Perca,  171. 
Perch,  171. 
Perch,  climbing,  173. 
Perdrix,  261 . 
Peregrine-falcon,  269. 
Perissodactyla,  311. 
Peristoma,  32. 
Pernis,  269. 
Peronia,  51. 
Perophora,  101. 
Pes,  115. 
Pes,  avian,  241. 
Petaurus,  304. 
Petrel,  257. 
Petromyzon,  157. 


Petrosal,  117. 
Pezoporus,  264. 
Phacochierus,  315. 
Phaeton,  267. 
Phaethornis,  265. 
Phalangella,  79. 
Phalanges,  115. 
Phalangista,  304. 
Phallusia,  101. 
Pharaonsratte,  326, 
Pharyngealealia,  137. 
Pharyngobranchial,  1 37, 
Pharyngognathi,  171. 
Phascogale,  304. 
Phascolarctus,  304, 
Phascolomys,  303, 
Phasianus,  261. 
Pheasant,  261. 
Philine,  52. 
Philonexis,  65,  70. 
Phlebenterata,  36,  53, 
Phoca,  324. 
Phoca;na,  309. 
Phoenicopterus,  257. 
Pholas,  28. 
Phoxinus,  169. 
Phrynocephalus,  219. 
Phrynosoma,  219. 
Phylactolsemata,  78. 
Phylidiidffi,  63. 
Phyllirhoe,  53. 
Phyllomedusa,  195. 
Phyllopneuste,  268. 
Phyllorhina,  329,  330, 
Phyllostoma,  330. 
Physa,  51. 
Physeter,  310. 
Physostomi,  168, 
Pica,  266. 
Pichyciego,  306, 
Piculus,  264. 
Picus.  264. 
Piddock,  28. 
Pigeons.  261. 
Pika,  321. 
Pike,  169. 
Pine-marten,  326, 
Pinna,  26. 
Pinnipedia.  323. 
Pipa,  194.  ■ 
Pipe-fish,  167. 
Pipra,  267, 
Pisces,  129. 
Pisidium,  27, 
Pith.  238. 
Pitheci,  332. 
Pithecia,  335, 
Placenta.  296. 
Placoid,  131. 
Placophora,  44. 
Placuna,  26. 
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Plagiostomi,  161. 

Plagiotremata,  207. 

Plaice,  171. 

Plaintaiii-eater,  26i. 

Planorbis,  .51. 

Plastron,  225. 

Platalea,  258. 

Platm-us,  213. 

Platycerciis,  264. 

Platydactylus,  218. 

Platypus,  301. 

Platyrrhini,  334. 

Plecotus,  329. 

Plectognathi,  167. 

Plesiosannis,  223. 

Pleuracanthus,  161. 

Pleural  ganglia,  33. 

Plem-apophysis,  111. 

Pleurobranchfea,  52. 

Pleurobranchus,  52. 

Pleurodont,  201. 

Pleui'onectes,  171. 

Pleurotoma,  47. 

Plica  semilunaris,  284. 

Plictolophus,  264. 

Ploceus,  268. 

Plov^ers,  258. 

PlumiB,  239. 

Plumatella,  78. 

Pneiimatic  duct,  143. 

Pneumodermon,  56. 
Podiceps,  257. 

Poephagus,  318. 

Poikilothermic.  230. 
Polychrus,  219.' 
Polydinidaj,  101. 
Polyodon,  166. 

Polypid,  73. 
Polypterus,  166. 
Polyzoa,  71. 
Pomacentrus,  171. 
Pons  varolii,  283. 
Pope,  171. 
Porbeagle,  162. 
Porcupine,  321. 
Porous,  315. 
Porpoise,  309. 
Portal,  146. 
Potamochserus,  315. 
Pr^coces,  252. 
Prjecoracoid,  114. 
Prsefrontal,  135. 
Prpcmaxilla,  118. 
Praemolars,  287. 
Prjesphenoid,  117. 
Prepuce,  293. 
Prey,  birds  of,  268. 
Primates,  332. 
Primordial  cranium,  115. 
Pristis,  163. 
Proboscidea,  318. 


Procfelia,  225. 
Procellaria,  257. 
Processus  falciformis, 

139. 
Procyon,  326. 
Productus,  85. 
Proguathi,  340. 
Pronephros,  156. 
Prootic,  135. 
Propithecus,  331. 
Prosimise,  330. 
Prosobrauchiata,  43. 
Prostates,  292. 
Proteroglypha,  209,  212. 
Proterosauria,  220. 
Proterosaurus,  207. 
Proteus,  190. 
Protopterus,  176. 
Psalterium,  317. 
Psammophis,  212. 
Psammosaurus,  220. 
Pseudis,  195. 
Pseudobrancli,  145. 
Pseudopus,  220. 
Psittacula,  264. 
Psittacus,  264. 
Psophia,  259. 
Ptenoglossa,  47. 
Ptericlitb5^s,  149. 
Pteroceras,  48. 
Pterocles,  261. 
Pterodactyl,  221. 
Pterodactylus.  221. 
Pteroglossus,  263. 
Pteromys,  322. 
Pteropoda,  53. 
Pteropus,  329. 
Pterosauria,  221. 
Pterotic,  135. 
Pterotrachea,  50. 
Pterygoid,  118. 
Pterylfe.  239. 
Ptychopleurre,  220. 
Ptycliozon,  218. 
Pubis,  115. 
PufE-bird.  263. 
Puffin,  257. 
Pulmonata,  50. 
Puma,  327. 
Pupa,  52. 
Purpura,  40,  47. 
Putorius,  326. 
Pycnodouta,  163. 
Pygopus,  214,  220. 
Pygostyle,  235. 
Pyloric  appendages, 
142. 

Pyloric  valve,  289. 
Pyrosoma,  103. 
Pyrrhula,  268. 
Python,  212. 


Quadrate,  135. 
Quagga,  314. 
Quail,  261. 
Quesal,  263. 
Quill,  238. 

Rabbit,  321. 
Racoon,  326. 
Radius,  115. 
Radula.  36. 
Raja,  163. 
Rajid£e,  163. 
Rajides,  163. 
Rails,  259. 
Rallus,  259. 
Rana,  195. 
Ranella,  48. 
Rangifer,  317. 
Rapacia,  304. 
Raptatore,  268. 
Rasores,  260. 
Rat,  321. 
Ratitaj,  270. 
Rattlesnake,  214. 
Raven,  266. 
Rays,  163. 
Razorbill,  257. 
Rectrices,  232. 
Recurvirostra,  258. 
Red-deer,  317. 
Redwing,  268. 
Reek,  272. 
Regulus,  268. 
Reindeer,  317. 
Remiges,  239. 
Renal-portal,  146. 
Rennet  stomach,  317. 
Reptilia,  195. 
Resident  Birds,  255. 
Retepora,  80. 
Reticulum,  316. 
Rhachiglossa,  47. 
Rhachis,  238. 
Rhamphastus,  263. 
Rhamphodon,  265. 
Rhamphorhynchus,  221 
Rhamphostoma,  225 
Rhea,  270. 
Rhesus,  336. 
Rhinobatus,  163. 
Rhinoceros,  312. 
Rhinocryptis,  174. 
Rhinolophus,  330. 
Rhinopoma,  330. 
Rhipidoglossa,  37,  46. 
Rhodeus,  169. 
Rhombus,  171. 
Rliynchocephalia,  219. 
Rhynchonella,  85. 
Rhyiichosauras,  219. 
Rhyuchosuchus,  225. 
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Rhyncops,  257. 
Rhytiiiji,  310. 
Kib,  111. 

Ringed-snake,  212. 
Ring-ouzel,  2G8. 
Roach,  1(59. 
Roaroa,  271. 
Robin,  2G8. 
Rock-dove,  262. 
Rock-rabbit,  320. 
Rodentia,  320. 
Roe-deer,  317. 
Rollers,  265. 
Rook,  26(). 
Rorquals,  310. 
Rosenmliller's  organ,204. 
Rossia,  70. 
Rostellaria,  48. 
Rumen,  316. 
Ruminantia,  315. 
Rupicapra,  318. 
Rupicola,  267. 
Riisselbar,  326. 
Rut,  294. 

Sable-marten,  326. 
Saccoglossa,  53. 
Saccule,  121. 
Sacral,  113. 
Sahui,  SAi. 
Sai,  335. 
Saibling,  169. 
Saiga,  317. 
Saimir,  335. 
Salamandra,  191. 
Salamandrina,  191. 
Salangane,  266. 
Salmo.  169. 
Salmon,  169. 
Salpa,  109. 
Salpis,  108. 
Sand-eel,  170. 
Sand-grouse,  261. 
Sand-lizard,  219. 
Sand-martin,  266. 
Sandpiper,  258. 
Sand-snake,  212. 
Saphan, 320. 
Sarcorhamphus,  269. 
Sardine,  169. 
Sargus.  172. 
Satyrus,  336. 
Saurii,  214. 
SauroidiC,  163. 
Sauropsida,  129. 
Sauro^jterygii,  223. 
SaururiB,  235,  255. 
Sawfish,  163. 
Scalaria,  47. 
Scalops,  323. 
Scandentia,  303. 


Scansores,  263. 
Scaphirhynchus,  165. 
Scaphopoda,  28. 
Scapula,  114. 
Scapulars,  210. 
Scams,  171. 
Schwebforelle,  169. 
Scisena,  172. 
Scincus,  219. 
Sciurus,  322. 
Sclerodermi.  168. 
Scollop,  26. ' 
Scolopacidre,  258. 
Scolopax,  258. 
Scomber,  172. 
Scomberesox,  171. 
Scops  owl,  269. 
Scorpsena,  172. 
Screamers,  259. 
Scrotum,  291. 
Scrupocellaria,  80. 
Scutes  of  snakes,  210. 
Scutus,  46. 
ScyllEea,  53. 
Scyllium,  162. 
Scytale,  212. 
Sea-bear,  324. 
Sea-cats,  161. 
Sea-devils,  163. 
Sea-hares,  52. 
Sea-hedgehog,  168. 
Sea-horse,  167. 
Sea-lion,  324. 
Se£v-otter,  326. 
Sea-scorpion,  172. 
Sea-snakes,  213. 
Sea-trout,  169. 
Seal,  324. 

Secretary  bird,  270. 
Seeforelle,  169. 
Selache,  162. 
Selachii,  157. 
Semitic,  339. 
Semnopithecus,  336. 
Sepia,  70. 
Sepiola,  70. 
Seps,  219. 
Serialaria,  79. 
Seriema,  259. 
Serranus,  171. 
Serval,  327. 
Shad,  ]  69. 
Shark,  162. 
Sheep,  318. 
Sheldrake,  257. 
Shepherd's  bird,  259. 
Ship-worm,  28. 
Shrew,  323. 
Shrikes,  267. 
Siamang,  336. 
Sigaretus,  48. 


Silurus,  170. 
Simosaurus,  223. 
Siphon,  17. 
Siphoniata,  27. 
Siphonops,  188. 
Siphonostomatous,  32. 
Siredon,  190. 
Siren,  190. 
Sirenia,  310. 
Siskin,  268. 
Sitta,  267. 
Sittacc,  264. 
Skates,  163. 
Skimmer,  257. 
Skua,  257. 
Skunk,  326. 
Slavs,  339. 
Sloth,  306. 
Smew,  257. 
Snakes,  207. 
Snake,  coral,  213, 

„     rattle,  214. 

„     ringed,  212. 

,,     sea,  213. 

_„     tree,  212. 
Snipe,  258. 
Solarium,  47. 
Sole,  171. 
Solea,  171. 
Solen,  28. 
Solenoconchie,  30. 
Solenoglypha,  209,  213. 
Solidungula,  312. 
Sorex,  323. 
Spalax,  322. 
Sparidffi,  172. 
Sparrow,  268. 
Sparrow-hawk,  269. 
Spatularia,  166. 
Sphargis,  229. 
Spheuiscus,  256. 
Sphenodon,  219. 
Sperm-whales,  310. 
Spermaceti,  310. 
Spermophilus,  322. 
Spider-monkey,  335. 
SpinacidiE,  162. 
Spined-loach,  169. 
Spinous  process.  111. 
Spirifer,  85. 
Spirida.  70. 
Spleen,  126. 
Spondylus,  26. 
Spoonbill,  258. 
Sprat,  168. 
Springhase,  321. 
Squalides,  162. 
Squalus,  162. 
Squamosal,  198. 
Squatina,  162. 
Squatinorajidce.  163, 
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Sqiiin-el,  322. 
Sqiiirrel-monkey,  335 
Stapes,  277. 
Starling,  267. 
Statoblast,  74. 
Steganopodes,  257. 
Steinbock,  318. 
Steller's  sea-cow,  310. 
Stellio,  219. 
Stelmatopoda,  79. 
Steneosam-ia,  224. 
Stenops,  331. 
Stenostoma,  211. 
Sterlet,  165. 
Sterna,  257. 
Sternseher,  172. 
Sternum,  114. 
Sternum  abdominale, 
222. 

Stickleback,  171. 
Sting-rays,  163. 
Stockfisch,  170. 
Stork,  258. 
Strepsiceros,  317. 
StricbTOgel,  255. 
Strigops,  264. 
Strix,  269. 
Strombus,  43,  48. 
Struthio,  270. 
Sturgeon,  165. 
Sturmvogel,  257. 
Sturnus,''267. 
Stylifer,  43. 
Stylommatophora,  51. 
Subungulata,  321. 
Succinea,  52. 
Sucking-fish,  172. 
Sula,  257. 
Sulci,  282. 
Sun-fish,  168. 
Supraoccipital,  116. 
Surinam  toad,  194. 
Surnia,  269. 
Sus,  315. 
Sylvia,  268. 
Sympathetic,  122. 
Symplectic,  135. 
Syngnathus,  167. 
Synotus,  329. 
Syrinx,  249. 
Syrnium,  269. 
Syrraptes,  261. 
Swallows,  266. 
Swan,  257. 
Swifts,  266. 

Swimming  bladder,  143. 
Sword-fish,  172. 
Tachypetes,  257. 
TfenioidEe,  173. 
Taenioglossa,  37,  47. 
Talpa,  323. 


Tamias,  322. 
Tanrec,  323. 
Tapayaxin,  219. 
Taphozous,  329. 
Tapir,  312. 
Tarsius,  331. 
Tarsus,  115. 
Tasmanian  Wolf,  304, 
Tectibranchiata,  52. 
Tejus,  220. 
Teleosauria,  224. 
Teleostei,  166. 
Tellina,  28. 
Tench,  169. 
Tenuii-ostres,  265. 
Terebra,  47. 
Terebratula,  85. 
Terebratulina,  85. 
Teredo,  28. 
Tergipes,  53. 
Tern,  257. 
Testicardines,  85. 
Testudo.  230. 
Tethyodea,  90. 
Tethys,  53. 
Tetrabranchiata,  67. 
Tetrao,  261. 
,  Tetraonid^,  261. 
Tetrodon,  168. 
Thalamencephalon,  120. 
Thalassidroma,  257. 
Thalassochelys,  229. 
Thaliacea,  103. 
Thecidium,  85. 
Thecodontia,  220. 
Thecosomata,  56. 
Thoracic,  113. 
Thrush,  268. 
Thrush-Nightingale,  268. 
Thylacinus,  304. 
Thymallus,  169. 
Thymus,  184. 
Thynnus,  172. 
Tibia,  115. 
Tichodroma,  265. 
Tiedmannia,  56. 
Tiger,  327. 
Tinamidte,  261. 
Tinamous,  261. 
Tinea,  169. 
Tinker,  171. 
Titmice,  267. 
Toad,  195. 

„     frogs,  195. 

,,     Surinam,  194. 
Toothed-carps,  170. 
Topes,  162. 
Top-shell,  46. 
Torpedo,  163. 
Tortoise,  common,  230. 
„      land,  230. 


Tortoise,  mud,  229. 
„      soft,  229. 

Tortrix,  212. 

Totanus,  258. 

Toucans,  263. 

Toxoglossa,  47. 

Trachea,  124. 

Trachinus,  172. 

Trachipterus,  173. 

Tragulus,  317. 

Tree-creeper,  265. 

Tree-frog,  195. 

Tree-snakes,  212. 

Tremoctopus,  65,  70. 

Trichechus,  324. 

Trichoglossus.  264. 

Tridacna.  27. 

Trigla,  172. 

Trigonia,  27. 

Tringa,  258. 

Trionyx,  229. 

Triton,  191. 

Tritonia,  53. 

Tritonium,  48. 

Trochilus,  265. 

Trochus,  46. 

Troglodytes,  268,  33G. 

Trogon,  263. 

Tropic  bird,  257. 
I  Tropidonotus,  212. 
I  Tropidurus,  219. 

Trout,  169. 

Trumpeter,  259. 

Trunk-fish,  168. 

Trygon,  163. 

Tubicolida;,  28. 

Tubuliporidse,  79. 

Tunicata,  85, 

Tunny,  172. 

Turbinals,  277. 

Turbo,  46. 

Turbot,  171. 

Turdus,  268, 

Turkey,  261. 

Turtles,  229. 

Turtur,  262. 

Tjdopoda,  317. 

Tympanic  bulla,  277. 

Typhlops,  211. 

Ulna,  115. 
Umberfische,  172. 
Umbilical  artery,  297. 
Umbilicus,  205. 
Umbo,  18. 
Umbra,  169. 
Umbrella,  52. 
Umbrina,  172. 
Unau,  306. 

Uncinate  processes,  135. 
Unio,  27. 
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Unke,  195. 
Upupa,  265. 
Uranoscopus,  172. 
Urax,  2(il. 
Ureter,  126. 
Urethra,  127. 
Uria,  257. 
Urochord,  87. 
Urodcla,  188. 
Uromastix,  219. 
Uropoltis,  212. 
Uropygial  gland,  239. 
Ursus,  326. 
Uterus,  294. 
Uterus  masculinus,  292. 

Vampire,  330. 
Vampyrus,  330. 
Vane.  238. 
Vanellus,  258. 
Varanus,  220. 
Velum,  10. 
Vena  cava,  125. 
Venus,  27. 
Vermetus,  47. 
Vermilinguia,  217,  305. 
Veronicella,  51. 
Vertebral  theory  of  skull, 
116. 

Vertebrata,  109. 
Vesicularia,  79. 
Vespertilio,  329. 
VesperugD,  329. 
Vexillum,  238. 


Vibracula,  74. 
Vibrissae,  239,  285. 
Viper,  213. 
Vipera,  213. 
Viskatscha,  321. 
Viverra,  326. 
Vivi])arous  selacliians, 
160. 

Vlissmaki,  331. 
Voles,  321. 
Voluta,  47. 
Vomer,  117. 
Vulture,  269. 

Waders,  257. 
Wagtails,  267. 
Waldheimia,  85. 
Wall-creeper,  265. 
WaUer,  170. 
Walrus,  324. 
Warbler,  268. 
Wart-hog,  315. 
Water-hens,  259. 
Water-rat,  321. 
Wattles,  260. 
Waxwing,  267. 
Weasel,  326. 
Weaver-birds,  268. 
Wellenpapagei,  264. 
Wels,  170. 
Wentle-trap,  47. 
Whale-bone  whales,  310. 
Whales,  306. 
Whelk,  47. 


White-fish,  309. 
Whiting,  170. 
Whooper,  257. 
Wickcibar.  326. 
Winkle,  47. 
Wolf,  32(i. 
Wolf- fish,  173. 
Wolffian  body,  184. 
Wombat,  3U3. 
Woodcock,  258. 
Woodlark,  268. 
Woofi peckers,  264. 
Wrasses,  171. 
Wren,  268. 
Wryneck,  264. 


Xenopus.  194, 
Xiphias,  172. 


Yak,  318. 


Zamenis,  212. 
Zebra,  314. 
Zebu,  318. 

Zeugobranchiata,  45. 
Zeus,  172. 
Zitterjvels,  170. 
Zoarces,  173. 
Zona  pellucida,  296. 
Zonurus,  220. 
Zugvogel,  255. 
Zygaena,  162. 
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